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HE establishment of a scientific Society for 
cultirating and diffusing a knowledge of Mi- 
neralogy and Geology, in a district so inex-^ 
haustibly rich in all ,the varied treasures of the 
mineral kingdom, and so singularly adapted^ 
both from its natural structure and artificial 
excavations^ for the examination of subter- 
ranean phenomena^ must be hailed as an event 
of high importance, as well to the progress of 
geological knowledge, as to the advancement 
of the mining resources of the County of 
Cornwall ; for the benefits which such an In- 
stitution is capable of imparting to our local 
interests, by defining and multiplying the ob- 
jects of economical industry, are not less 
numerous and substantial than t^ose which it 
will necessarily- confer upon Science, by col- 
lecting, arranging, and generalising instructive 
facts. The >vant of some intelligent system 
of communication, some repository for the 
record of the new phenomena which are daily 
discovered in the mining districts of the county^ 
has been long felt and often lamented ; whilst 
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the history of thp different mines offers the 
strong^est proofs of the great necessity of so- 
liciting^ in order to obtain successful results in 
an art so obscure as that of mining, all the 
aids of reason as well as those of experi- 
ence, and qf combining rational theory with 
tjie routine of practice. Ha4 such an union 
been £^1 ways maintained, we should never hav^ 
beard of the mosit valuable productions of our 
CQunty having been thrown mto the sea^ nor of 
^heir having been used as materials for the 
repair of rpa^s, or the construction of cottages : 
on the contrary, by a discipline so regulfited^ 
how many thousand tons of ore would h^XQ 
been gained ? how m^iny y^ars of unprofitable^ 
but exp^nsive^ labour save^ ? and how many 
individual adventurers would ^ave been (^u$ 
presierye^ from disappointment, or rescu^ecl from 

The Ca^^cil humbly cpn<ieive that th% 
l«ib^urs of the Society are devoted to. the w^- 
c<;>ix^plishment of two great purposes^ intimately 
related, and mutually subservient to each 
other — ^The Discotb&y of New Facts to enrich 
Science^ and the Application of Science, to 
IMPROVE Art. How far such reciprocal advai^T 
tages may result from tlie exertions of this 
Society, the world c^ay now forqn a judgn^ent; 



* 

but in appreciating the Talue of its pr&« 
sent laboar^^ let it at least' be remembered 
that^ as yet^ the Society is but in its in&ncy^ 
and that^ during its short progress^ it has had 
many unforeseen obstacles to surmount^ much 
unworthy prejudice to combat^ numerous mis- 
conceptions to rectify, and great personal as- 
sistance to solicit. 

The splendid and exteninve scries of speci- 
mens already collected, and deposited in aa 
elegant afid spacious museum^ ofl^ a most 
honourable and durable testimony of the zeal 
and talent with which this department has 
been conducted ; whilst to the student in mi- 
neralogy, it affords a most desirable and solid 
system of instruction. 

A Model room is attached to the Museum^ 
for the reception of the modeb of new and 
improTcd machinery, and the Council b^ io 
state, that the Society will receire with grati- 
tude all communications upon this interesting 
branch of mechanical philosophy. 

A list of the contributions to the Cabinet H 
af^nded to this volume, but a more 
tinguished notice is due to the following donors, 
on account of the value of their presents. To 
John Hekry Yrtixs, Esq. for five hundred 
specimens, descriptive of the charaetecs of 
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simple minerals^ collected at Freyberg, under 
the direction of the celebrated Werner. To 

A . William Maclure, Esq. of Philadelphia, for 
an extensive series of specimens^ illustrative of 
the geology of the United States of America. 

i' To Mr. Tkevithick^ Engineer, for having col- 
lected in the mining districts of Peru, specimens 
to elucidate the hitherto unknown structure of 
that metalliferous country. And to Ashhurst 
Majendie, Esq. for his numerous donations to 
the mineralogical as well as geological depart- 
ments of the Cabinet. 

In the construction of a geological map of 
Cornwall, the Society has made considerable 
progress, and the Council trust that from the 
zealous and united exertion of its members, 
its completion may be confidently anticipated. 

In tlie successful result which has attended 

t 

the efforts of the Society to prevent the loss of 
life by accidental explosion, the most unen- 
lightened and prejudiced must see and acknow- 
ledge the great utility of the Institution ; whilst 
the more liberal and accomplished members of 
the community, will receive with satisfaction 
this additional proof of the power of science to 
encrease the comforts of life, or to diminish the 
evils which so frequently attend the necessary 
occupations of mankind . 
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t^On a recent Formation of Sandstone, occur* 
ing in various Parts of the Northern Coasts 
of ComwalL 

Bv JOHN AYRTON PARIS, M.D., F.L.S., &c. 

HONORART MEMBER OF THE SOCIETY* 



XHE investigation which 1 have the ho* 
Hour to submit to the Society^ is one of very- 
extraordinary interest^ as being capable of 
throwing considerable light upon the import- 
ancCj as well as nature and extent, of some 
of those changes which the surface of the globe 
is continually undergoing in. arrangement, 
structure, and composition ; and of offering an 
explanation of several of the more secret phe- 
fiiomena which accompany them. 

The decomposition and waste of hills and 
tnpuntains, and the decay of the most solid 
parts of the earth, have excited the attention 
of all ages, furnishing imagery to the poet, 
and lessons to the moralist; but the infancy of 
thojse sciences connected with Geology has 

A 
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hiUierto retarded every investigation into the 
immediate causes of such decay ^ and into the 
nature of those hidden processes by which 
Nature counteracts it. Every enquiry con- 
nected with so interesting a subject will, I 
t^-ust, be received by the Society with the at- 
tention its importance merits, and with that 
indulgence which its difficulty requires. 

The Sandstone^ which forms the subject of 
this paper, occurs in various parts of the 
Northern Coast of Cornwall, and certainly 
affords one of the most splendid and instructive 
instances of Recent Formation upon record; 
we actually detect Nature at work in changing 
calcareous sand into stone ; and she does not 
refuse admittance into her manufactory, nor 
does she conceal with her accustomed reserve 
the details of the operations in which she is 
engaged. It does not, however, appear that 
any Geologist has fully availed himself of so 
rare an indulgence. No complete and satis-- 
factory explanation has been hitherto afibrded 
of this interesting formation, nor of the phe- 
nomena which attend it. At the period tlmt 
Doctor Borlase wrote the Natural Histpry of 
Cornwall, the science of chemistry scarcely 
existed : we must not, therefore, be surprised 
at finding that he attributed the concretion of 
shelly sand to the agglutinating, quality of sea- 
water. 

Recent formations, similar to that which \ 
am about to describe, occur in various parts 
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of the world. Saussiire informB us^ that the 
loose sand near Messina and the Gulf of Cha- 
rybdis becomes gradually so consolidated, that 
in a few years it serves for (he purpose of mill* 
stones; which change^ Saussnre^ as well as 
Borlase^ attributes to the infiltration of some 
cementing princi[rie from the sea. At Guada- 
loupci another example is to be seen ; aiid a 
splendid specimen of the stone^ containing a 
human skeleton^ the remains probably of some 
shipwrecked mariner^ has been lately deposited 
in the cabinet of the British Museum^ and is 
well known fcnr the geological speculations 
which it has excited. 

In describing the recent formation on the 
coast of Cornwall, I shall begin by offering 
some remarks on the natural history of the sand 
itself; a,nd then, by following the steps of Na* 
ture, gradually trace her through the sue* 
cessive stages of the operation by which she 
agglutinates its particles, and completes its in- 
duration. 

A very considerable portion of the Northern 
Coast of Cornwall is covered with a calcareous 
sand, consisting of minute particles of com- 
minuted shells. That part which lies between 
Saint Ives and Padstow is more immediately 
the subject of the present enquiry ; a tract 
which, with a few exceptions, is entirely co- 
vered with this species of sand ; and which, 
in some places, has accumulated in quantities 
so great as to have formed hills of from forty 

A 2 



7^ 



4 Db. Paris on a recent 

to sixty feet in elevation, A considerable area^ 
for instance in the parishes of Gwythian and 
Phillack^ has been thus desolated^ and several 
!^*hurches have been inundated. In digging 
into these sand-hills^ or upon the occasional 
removal of some part of them by the winds^ the 
remains of houses may be seen ; and in some 
places, where the church-yards have been over- 
whelmed, a great number of human bones may 
^* /J be found. 

The sand is supposed to have been originally 
brought from the sea by hurricanes, probably 
at a remote period. Amongst the Arundel 
' Papers there is mention of such an event having 

happened^ in the twelfth century ; and the di|s- 
proportionately high valuation of the rectory 
of Gwythian in the old valors, when compared 
with tliat of other parishes, which were then 
rated much lower, though now of very superior 
value, affords a probable conjecture that much 
land has been lost by the influx of the sand. 

At present, the progress of the sand's in- 

A cursion is arrested by the growth of the arun- 

do arenariaf and it would be well if the landed 
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* The value of this useful rush has been long known. 
There was an act of parliament in Scotland, so. long ago as 
the year IGDS, to prevent persons who collected this rush, 
(then known by the name of starre or bent) for the purpose 
of making mats; from plucking it up, arid therebyJooseniug 
the sands: a clause to the same effect was introduced in a 
mtiltifarious act of parliament in the yeat 1742. The ope- ^ 
ration of this clause extends generally to the North- West 
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proprietors of these districts were to encourage 
its dissemination. 

The sand first appears in a slight but en- 
creasing state of aggregation on several parts 
of the shore in the Bay of Saint Ives ; but on 
approaching the Gwythian river it becomes 
more extensive and indurated. On the shore 
opposite to Godrevy Island^ an immense mass 
of it occurs^ of more than a hundred feet in 
lengthy and from twelve to twenty teet in depth, 
containing entire shells and fragments of clay- 
slate; it is singular that the whole mass as- 
sumes a striking appearance of stratification. 
In some places, it appears that attempts have 
been made to separate it, probably for the 
purpose of building ; for several old houses in 
Gwythian are built of it. The rocks in the 
vicinity of this recent formation in the Bay of 
Saint Ives are Greenstone ^nd Clay-Slate, which 
alternate with each other. The Clay- Slate is 
in a state of rapid decomposition, in conse^ 
quence of which, large masses of the Horn- 
blende rock have fallen in various directions^ 
and given a singular character of picturesque 
rudeness to the scene: this is remarkable in 
the mass of rocks which constitutes Godrevy 
Island. 

coasts of England ; but such persons as claimed prescriptive 
right of cutting it on the sea-coasts of Cumberland, are ex- 
empted from its operation. 

A3 
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It is around the promontory of New Kaye 
that the most extensive formation of sandstone, 
takes place. Here it may be seen in different 
stages of induration ; from a state in which it 
is too friable to be detached from the rock 
upon which it reposes, to a hardness so consi- 
derable that it requires a very violent blow from 
a sledge to break'it : specimens of it in these 
different states are deposited in the Museum 
of the Society. Building are here constr^icted 
of it ; and the church of Crantock is entirely 
built with it. By the. inhabitants, the stone is 
employed for various articles of domestic and 
agricultural use. In the sandstone in the Bay 
of New Kaye, I observed several holes bored^ 
which I learnt were for the purpose of admit- 
ting cables to which the vessels were moored, 
I mention this circumstance to convey some 
idea of the indurated state of the sandstone. 

In examining attentively the structure of the 
stone, the shelly particles may be frequently 
observed to be spherical, from the previous 
operation of water ; a circumstance which throws 
considerable light upon the formation of oolite. 

The geologist who had. previously examined 
the celebrated specimen from Guadaloupe, will 
be struck with the great analogy which this 
formation bears to it; and suspecting that 
masses might be found containing human bonea 
imbedded, if a diligent search were made in 
jhe vicinity of those cemeteries which have 
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been ovenyhelmed^ I made an excursion vrith 
my friend Sir Christopher Hawkins ; but time 
and patience failed us^ and the discovery is 
reserved for spme more persevering and fortu- 
nate anember of the Society. 

The rocks upon which the^ sandstone re- 
poses are cljatj-alate and slattf limestone^ which 
^ternate with each other. The inclination of 
the beds is S.S.W., and at an angle of 40^ 
Upon the plane formed by the edges of these 
strata lies a horizontal bed of rounded pebbles, 
cemented together by the sandstone which is 
deposited immediately above them, forming a 
bed of from ten to twelve feet in thickness, and 
containing fragments of slate and entire shells, 
and exhibiting the same appearance of stratifi- 
cation as that noticed in St. Ives Bay; above 
this sandstone lie immense heaps of drifted 
sand. 

But it is on the western side of the jiromon- 
tory of New Kaye, in Fistrel Bay, that the ge- 
ologist will be most struck with the formation ; 
for here no other rock is in sight. The cliffs, 
which are high, and extend for several miles, are 
entirely composed of it ; they are occasionally 
Intersected by veins a dykes of Breccia. In 
the cavities, calcareous stalactites of rude ap- 
pearance, opaque, and of a grey colour, hang 
suspended. The beach is covered with dis- 
jointed fragments, which have been detached 
from the cliff' above^ many of which weigh two 
or three tons. 



8 



Dr. Paris on a recent 



If we extend our observations towards Pad- 
stow, we shall find some very instructive phe- 
nomena in Permiscen Bay, to which I shall 
hereafter have occasion to allude. 
, Such then is the nature and situation of this 
most interesting formation of recent sand- 
stone. In the next place, we have to enquire 
into the causes which have operated in thus 
consolidating the sand, and into the peculiar 
circumstances under which this operation has 
been conducted. 

It will appear that there are three distinct 
modes by which the lapidification of calcareous 
sand may be effected, and that the present for- 
mation is capable of affording characteristic 
examples of each of them. 

It is my intention to consider these different 
principles separately: the subject is full of 
importance, and may, by disclosing the ope- 
rations of nature, lead to improvements in art. 
By discovering the phenomena which attend 
the formation of rocks, we may be led to the 
improvement of the different cements in pre- 
sent use, or to the invention of others which 
httve never yet been employed. 

The three species of cementing matter to 
which I allude, are all deposited from water in 
which they are either held in chemical solution 
or mechanical suspensioH ; the water having 
derived them from the substances which it has 
percolated : thus^ the first species is obtained. 
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I»— JSy the percolation of water through a hill of caU 
eareous sand, hy which it becomes impregnated with 
Carbonate of Lime* 

Carbonate of lime^ without an excess of 
carbonic acid, is very sparingly soluble ; but 
it is the very minute quantity of the substance^ 
held dissolved in a large quantity of water, 
which renders its texture so compact and d^ense 
when precipitated, and its cementing powers 
so considerable ; for it may be stated as a ge- -4 
neral principle, that the density and compactness 
of a precipitate will vary, in an inverse ratio, 
with the rapidittj with which it is deposited. 
Thus Calcareous Tufa, which is rapidly depo^ 
sited from warm springs, is light and spongy 
in its texture; whereas Travertine Marble, 
being slowly precipitated from the waters of 
Tivoli, assumes a solid compact form. A fa- 
miliar illustration of the dense texture and ce- 
menting property of precipitates, when they 
are slowly deposited, is presented to us in the 
instances of the obstinate adhesion of calca- 
reous incrustations to the interior surfaces of 
water-decanters. 

A very dense and compact limestone is now 
forming, from slow deposition, in the vast lake 
of Erie, in consequence of the evaporation of 
its waters, that are derived from rivers which 
have flowed through extensive countries of 
limestone : this fonnation may be s^en on the 
sides of the lake; and, during frosts, large frag- 
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ments of it, attach^ to blocks of ice^ may be 
observed floating on its surface. When the 
Fails of Niagara are destroyed, lyhieh in the 
common course of geological changes must 
take place, this immense lake will be dfained> 
and future geologists may be then engaged in 
speculating upon its limestone, as we are now 
with a similar one which lines the great basin 
of the Mississippi, and which probably derived 
its origin from the same cause. 

I have dwelt upon this subject to shew the so- 
lubility of carbonate of lime,and at the same time 
to prove, that when it is precipitated by slow 
evaporation, it assumes a highly compact texture^ 
and possesses considerable power of lapidifica- 
i&on. The application of these views to the pre- 
sent subject is obvious :— the carbonate of lime, 
derived from the solution of a portion of theshells 
thiTiugh which the water flows, affords the ce- 
ment ; whilst the slowness with which it is again 
precipitated, accounts for the extreme hardness 

* At the request of my friend Mr. Whidbey, the intelligejit 
director of the Plymouth Breakwater^ I hare lately examined 
the water which is to supply the British navy. A reservoir 
kas been formed capable of holding sixteen thovsand tons \of 
water. The water, which is constantly rtuming into it, is 
extremely pure, containing only a Tory niaute fHroportioa of 
carbonate of lime, which it must have acquired daring ita 
fiercolatien through the transition Kmestone of that district* 
The effect of this will be the deposition of a stratum similar 
t» that in Lake Erie, and consequently it will give a perma- 
iLCot security to the resenroir^ and effectually prevent any 
leaking. 
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fltnd compact texture of the sandstone ; striking^ 
examples of this fact may be seen in Permiscea 
Bay.* Had the cementing' principle been held 
in solution by an excess of acid, it would have 
been deposited in a larger quantity^ as well as 
with greater celerity^ and the sandstone would 
probably, under such circumstances, have been 
spongy, friable, and scarcely indurated. 

Let us proceed to the second source whence 
a lapidific principle may be obtained. 



II.— JTAe percolation of water through strata contain^ 
ing Pj/ritical Substances^ hy which it becomes 1 1»« 
pregnated with Sulphuric Salts* " 

I was led to suspect that the cementing prinr 
ciple might occasionally ^be a sulphate of lime, 
from discovering in a specimen of the 8aTid:stone 
{small transparent crystals of selenite, dissemi-* 
nated through its substance. The loose sands, 
which are said to be found lapidified in volca- 
nic districts, may possibly derive their princi- 
ple' of solidification from the action of sulphuric 

^ It is a curious circumstance that water thus impregnated 
M'ith carbonate of lime^ from its infiltration through sheUj 
sand, should from time immemorial have enjoyed a reputa- 
don in the neighbourhood for curing diseases. I examined 
the waters of Holywell, so called from its supposed virtues, 
.and those of Permiscen Bay, equally extolled for their medi- 
cinal qualities, supposing that I might possibly detect in theni 
the presence of iron: but I found only carbonate jqf lime^ 
U minute quantities* 
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waters ; but I have not had any opportunity of 
ascertaining the fact by experiment. The sul^ 
phatization of pyrites in the presence of cal- 
careous matter^ is a universal source of gyp- 
sum : the circumstances under which the de- 
ments of these substances combine^ and the 
various chemical changes which accompany 
them> I consider as amongst the most interest- 
ing facts which have been disclosed by the 
researches of the mineralogist. 

The granular gypsum from the Falls of Ni- 
agara^ which Dr. Kidd describes as being '^ as 
white as snow/*^ owes its origin to a natural 
process of this description. I am informed by 
Mr. Maclure of Philadelphia^ who has visited 
the spot^ that it is formed in consequence of the 
action of water upon decomposing slate which 
contains numerous veins of carbonate cf lime 
' and sulphuret of iron. 

I have in ray possession a series of incrusta- 
tions which were taken out of the boilers of 
;ieveral steam-engines ;* one of them presents 
an admirable instance of the formation of sul- 
phate of lime, and its surface is beautifully 
studded with well defined crystals of selenite ; 
the water which supplied the boiler, and from 
the evaporation of which. this substance was 
deposited, was drawn from thedepthsof a mine^ 

# 

r 

* An account of these specimens is recorded in the Mi- 
nutes' of the Society, and published amongst the Scienti&c 
Kotices at tlie end of this Volume. 
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the country of which I ascertained . to be clay- 
slate^ intersected with veins of fn/riles, and 
small runners of carbonate of lime. 

There would seem to be a sin^ar disposi- 
tion in all the combinations of iron to pass suc- 
cessively through a series of complicated ar- 
rangements; a property which has evidently 
been bestowed upon them in order more ef- 
fectually to ensure the general distribution of 
«in element so essential to animal and vegetable 
existence^ and so active in producing many im- 
portant changes in the mineral ceconoray of the 
globe ; some of which will form matter for con- 
sideration under our third and last^ but most 
general^ principle of lapidification^ viz. 



III. The percolation of water through decomposing 
slate f or any other ferruginous strata; hy which 
it becomes impregnated with iron^ alumina^ and 
other mineral matter. 

The infiltration of water which ha^ previously 
traversed a country of decomposing slate, or 
of other strata, into loose sand, is a very com- 
mon and extensive cause of lapidification. At 
Pendeen cove, in the parish of St. Just, a 
stratum of granitic sand is at this time gradually 
hardening into sandstone, or granitic breccia, 
in consequence of such] an infiltration ; strata 
of pebbles may be also seen agglutinated from 
the same cause. 
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The sandstone upott which the town and 
castle, of Nottingham are situated^ is evi- 
dently of recent formation, owing: its ag- 
gregation to the presence of iron and clay. 
The calcareous sand may be seen in a state of 
encreasing induration from the same cause^ in 
numerous parts of the coast of Cornwall, 
especially in the cUtf of Saint Ives Bay> about 
a mile north of the estuary at Hayle; where a 
stream of water is slowly percolating decom- 
^posing slate^ and dripping upon the loose satid 
on the beach, which is gradually becoming 
indurated in the direction in which the water 
difiuses itself. It has been long known that in 
the induration of mineral substances, iron acts, 
a very important part, aad we shall also find 
in the course of the present enquiry, that this 
element is no less active in effecting their 
decomposition and decay. 

In alluding to its cementing property, the 
most superficial observer must have noticed 
the concretions which constantly appear on 
the beach around a rusty nail, or any fragment 
of iron ; and the mineralogist is well acquainted 
with the proofs which Mr. Kirwan has col- 
lected in support of the fact. Dr. Pothergill 
also states, that stones already fonned may be 
still farther indurated by the infiltration of 
slightly oxidized iron. Thus having repeated- 
ly washed pieces of Portland Stone with water 
impregnated with iron, he found them in a few 
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years to hare gained such a degree of hardness, 
as to yield a metallic sound when struck, and to' 
re^st the impression of any ordinary tool: 
this result also.dearly exj^ains the cause of the .. ^ 
supericM' hardness x)f coloured to white marbles 
It is unnecessary to multiply examples. It ^ ; . 
cannot be denied that iron, in a certain stage 
of oxiiiiiioH, possesses the property of eement- 
ing and indurating the particles of bodies with 
which it may be combined; nor is it less 
certain that this operation is limited, and that 
iron not only ceases to produce such an effect ^ 
by combining with more oxygen, but that, by 
such a change^ it acquires an opposite property, 
and becomes the immediate and active cause of 
decomposing the very rockf which it formerly 
consolidai;ed. One instance may suffice to 
illustrate this trutjhi. The sandy soil in the 
neighbourhood of Ommersley, Halesowen^ and 
many other parts of Worcestershire and Shrop- 
shire^ is derived from the Sandstone of the 
Midland Counties, the disintegration of which 
has been effected by the peroxidation of its iron, 
as is shewn both by its red hue, and by the 
green colour which it imparts to the glass of 
Stourbridge, of which it constitutes the prin- 
cipal ingredient The Count de Bournon 
appears disposed to believe that the decom- 
position of primitive rocks has been the only 
source from which the iron has been derived, 
that is now so universally spread over the 
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surface of the earth** We recognise in these 
facts the operation of a most beautiful and 
important law ; we leam that the most opposite 
effects are produced by the modification of but 
one principle, and that Pormatioii and Decom- 
position are not, as the ignorant suppose^ the 
beginning and end of material existence ; but 
terms expressive of well regulated operations, 
which extend through ages of endless duration, 
maintaining and perpetuating the harmony, 
beauty, and integrity of the universe. The 
.X ruin therefore of our hills, and the various 
catastrophes which the surface of our earth 
continually undergoes, must be no longer 
considered as the awful type of fraiky and 
decay, or as preludes to the more fearful 
changes which the- superstitious observer is 
ever ready to anticipate; but they must be 
regarded as. wise provisions to ensure on the 

♦ Some French Philosophers have imagined that iron owes 
its origin to decayed plants and animals. I would take thi» 
opportunity to observe, that vegetables appear to possess the 
power of deoxidizing the compounds of iron, and thereby 
of rendering them so(able in their juices : this apparently ex- 
plains the conversion of vegetable matter into pyrites^ by 
the infiltration of chalybeate salts. May not this be one of 
the means employed by nature for rendering iron again useful 
in the scheme of creation, by restoring that portion into cir^ 
culation which has become, during its agency, insoluble and 
inert by peroxidation. That animal matter possesses similar 
powers has been shewn by Mr. Pepys, — (see Trsinsactioni of 
the Geological Sooiety of London.) 
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surfiice of the globe that circle of changes so 
essential to animal and vegetable existence. 

^^ By ceapelesH action, all that is, sabsists* 

Constant rotation of th' unwearied wheel, 
' That Nature rides npon, maintains her health. 
Her beauty, her fertility. — She dreads 
An instant pause, and lives but while she moves. 
its own revolrency upholds the world." 

Since this paper was read before the Society, 
my friend, Mr. Boase, has enabled rtie to add 
another striking and beautiful illustration of 
the peculiar views which I have endeavoured to 
maintain. ''^ 1 have/* says he, ^' lately visited 
the Islands of Scilly ; no where is the opera- 
tion of the elements, in decomposing rocks, 
more visible and striking ; indeed so rapid is 
the progress of disintegration, that unless some 
regenerating operation be instituted by nature, 
this land of rocks will, at a period which in the 
language of Geology may be styled not very 
remote, be a range of sand banks. Struck 
with such an appearance, and bearing in my 
recollection the principles developed in your 
memoir upon the recent Sandstone forma- 
tion, lately read before the Society, I was 
sanguine in the hope of discovering in these 
islands, an additional testimony of their truth. 
My search has been rewarded by complete 
success ; a process similar to the one you have 
described, may be detected in its progress, oq 
ail extensive scale, in the Island of St. Mary, 
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behind the quay^ and between the front of tbcf 
Garrison Hill and Rat Island. In these places, 
the granitic sand is becoming indurated by die 
slow infiltration of water holding iron in solu- 
tion^ which appears to be derived from the 
decomposing hills above it/' 

Many instances of ^^ regenerated granite,'' 
as it has been termed, similar to that which 
JVIr. Boase has described as occurring in the 
island of St. Mary, have been placed upon 
record. Pallas is of opinion that all stratified 
granite is formed from the decomposed grains 
of the primitive mass. Dr. MacCuUpch has 
also observed that the whole of the southern 
and western parts of the island of Alderney 
are composed of a grit, which is evidently an 
aggregate, derived from the debris of granite. 

Lasi us found granitic sand, employed in fill- 
ing a dyke in the Elbe, hardened to such a 
degree in the space of sixty years, as to pre- 
sent a solid mass, scarcely distinguishable fron^ 
primitive granite ; he also found that wiiere 
both were in contact, they were with difficulty 
separated by a blow. Saussure found it ijR 
the fissures of Gneiss. Lavoisier also dis- 
covered, near the mountain of Hypolite, two 
beds of indurated granite, or, as he calls it, 
true granite, alternating with two beds of 
granitic sand that lay over each : this can 
have been no other than regenerated gra- 
nite, Conned by infiltration from the superior 
granitic sand. 
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That the harmony of the universe is main- 
tained by*the reciprocal operation of the power 
bf creation arid of destruction, was a favourite 
Opinion of the ancient philosophers, and we 
find constant allusions to it in their writings. 

'^ Sic omnia Fatis 
to p^us mere ac retro sublapsa referi.'^ 

Nor have they omitted to perpietuate such an 
idea by symbolical images; we recognise it in 
the emblem of a Lyre supported by a Bull arid 
Lion; thus expressing that Apollo was wor- 
iihipped under the double character of the 
Creator and Destroyer. 

It was, however^ reserved for the researched 
fef modern science to bring to light the nature 
of those operations, by which such -a harmony 
was preserved. The views which have been 
offered in this memoir seem to afford some clue 
to the investigatiori* To discover order and 
intelligence in scenes of apparent wildness and, 
confflsion> is the pleasing task of the geological 
enquirer ; in contemplating the circumstances 
^connected with the formation of the sandstone, 
a most beautiful and unexpected demonstration 
€>f design is afforded ; like the mariner cast upon 
an unknown shore, we discover the traces of a 
footstep upon the sand^ and may exclaim with 
rapture—' A. God dweuetu here/ 
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IL — An Account cfsome Granite Veinjs at Porth 
Justy near Cape Cornwall. 

By JOHJJ DAVY, M.D., F.R.S., &c. 

M£MB^E OF THE SOCIETY. 



XhE Granitic veins about to be described 
are situated at Porth Jfn^ty near Cape Cornt 
wall, and below the tin-mine called The Little 
Bounds. 

A brief and very general account of* the ad«- 
joining rocks will first be given, which may be 
useful, preparatory to the description of any 
minute phenomena. 

Towards the South, the cliflfe are composed 
of granite ; and, towards the Nor4h3 of the 
Killas of our miners, or of what appears to roe 
to be Greywacki Slate. . The granitic and sdris- 
tose rocks are separated by a large vein of wie- 
talliferous quartz (the lode of the mine above 
mentioned) ; which^ besides oxide of tin, for 
which it is worked, contains some native cop- 
per^ different oxides of iron, and a variety of 
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mliief ak. The grahite^ as is the case in most 
mountain-masses^ varies coTisiderabiy in ap* 
pearanoe and composition in different places. 
The mica in some places is black, in others 
greenish, and in some white. The felspar is 
either white or reddish, and presents either 
smal) indistinct crystals, or large and regular 
ones. Neither is' the difference confined to 
the colour and size of the constituent parts ; 
the proportion of each is not uniformly the 
same^ sometimes one ingredient^ sometimes an- 
ether preponderates; besides felspar^ quartz^ 
and mica^ other substances may be observed in 
different places, ^js crystals of sdiorl or tour- 
maline^ crystals of the oxide of tin, iron py- 
rites, and probably many other minerals might 
Jbe found on more minute examination. In 
most places, the granite is traversed by veins of 
<|uartz, which in general are of a very small 
size^ and run in various directions. They 
Uppear to belong to that class of veins com- 
monly considered contemporaneous^ and they 
constitute the matrix of the ores just men- 
tioned^ The killas or greywacke slate pre- 
sents also some variety ; it varies in hardness, 
in the proportion of mica and quartz it con- 
tains, and also in the proportion of the other 
ingredients ; it varies too in the fineness and 
coarseness of its lamellar structure, and in the 
veins by which it is traversed. In most places, 
it resembles the kUlas that occurs at St. Mi- 
chael's Mount ; but no remarkable induration 
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of its substance is to be observed where it ap« 
proaches the granite, or where the granitic veina 
pass. It dips towards the North, so that the 
upper ends of the strata are elevated towards 
the South, but at an angle which is less 
than 45°. In it quart? greatly abounds, and 
chiefly in the form of layers, which appear to 
be contemporaneous with the rock in which 
they exist. This opinion is drawn from the 
following circumstances : the layers are mostly 
horizontal in their general direction, in many 
places tortuous, never apparently connected 
with any particular veins, and they are very 
irregular in size and form : in this killas too 
are situated the veins which have a granitic 
appearance, and of which a description may 
be now given, 

The number of these veins is considerable ; 
they were not counted, but probably exceed 
fifty ; their size greatly varies ; the largest veiu 
is more than five feet thick, and the smallest 
observed waa not more than one-tenth of an 
inch in diameter, They run in different dir 
rections; some about W. N.W. and E.S.E.^, 
some about E. and W,, and ^ome nearly op^ 
posite, as N. and S., and consequently they 
occasionally intersect each other. In one in-? 
stance of intersection, the disjointed parts of 
the vein running about N. and S, were keaved^ 
(as the miners in their expressive language tern^ 
the fact,) about h{iif i|n inch out of the course 
of the vein. 
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The. position of most of theSe veins is per- 
pendicular^ or nearly so; this position to a 
considerable extent is well demonstrated in one 
. vein by a perpendicular section of the cliff. 
In some places, the veins are observed to bend 
out of the perpendicular, and to approach more 
or less the horizontal line ; in composition, and 
of course in general appearance, they differ 
very much. 

Some of the veins, and one vein especialty, 
very much resembles the most perfect crystal- 
lized granite, consisting distinctly of felspar, 
quartz, and mica. This vein is not above an 
inch broad in the widest part, and in the nar- 
rowest, just before it disappears, it does not 
exceed a line : it occurs near the lode. Some 
of these veins abound in quartz, and have very 
much the appearance of a fine, compact, granu- 
lar, siliceous sandstone : of this description is 
the largest vein, which is more than 5 feet thi<!k. 
It has a porphyritic appearance from the red- 
dish crystals of felspar which it encloses ; and 
it contains besides some crystals of tourmaline 
and a little mica. In some places, this vein is 
of a dark grey colour, and in others of a light 
reddish brown ; it every where presents a very 
fractured appearance, and conveys the idea of 
fragments very closely compacted together ; it 
runs about E. and W. and overlies towards the 
South. Some abound in felspar, and resem- 
ble veins of compact felspar rather than gra- 
nite. 
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No where could any connexion be traced 
between the veins and the great neighbouring 
granitic mass ; and most of the veins^ even the 
smallest^ appeared insulated. 

Here it may be remarked that no sipall masses 
of granite were observed included in the kiltas, 
^r of the killas in the great mass of granite ; 
but small portions of killas, similar to the con^ 
tiguous rock, were not uncommon occurrences 
in the granitic veins. 

After this brief description, the theoretical 
bearings of the phenomena are the next subject 
for consideration. The highly inclined positioa 
of the veins, their crystalline nature, the neigh- 
bouring granite, seem circumstances favour-r 
able to the Huttouian system — that they were 
projected from below, and that they ema- 
nated from the adjoining granite. On the con- 
trary, the variety of their composition, and the 
little resemblance which many of them have to 
the neighbouring granite, are circumstances un^ 
feivourable to their identity of origin. The exist-' 
euce of felspar^ quartz, and mica, in killas; the 
existence of each ot these subtances (as was 
observed at Forth Just) in a crystallized state; 
the occurrence ot killas abounding in felspar ; 
the occurrence of horizontal vejius of quartz 
in tlie killas, somewhat resembling the granitic 
veins, and contauimg a little felspar and 
micai as is t requentiy the case ; and, lastly, the 
existence of true granite in such a vein^ are 
circumstances favourable to the idea that the 
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veins called graaitie in this paper we contemp^-^ 
rane&u8 with the rock enclosing them. The 
last*meationed cipcumstance^ the exbtence of 
true granite in a vein of quartzy is particularly 
agreeable to guch a notion ; and> as I bdiere 
it to be a new occurrence, a more minute de* 
acription of the phenomenon may be useful, t0 
give due weight to the aigument The vela of 
quartz in which it was observed, is very near 
the lode of '' Little Bounds," in a rock of 
kiUas on the sea-shore : it is 3 or 4 inches 
broad, has numerous branches. Contains verf 
good crystals of felspar, and some coarse 
quartz crystals, with plates of mica; and in 
one place, by a happy mixture of these different 
substances, a compound is formed, which has 
very much the appearance of common granite^ 
and seems only to differ from it in containing 
more mica and felspar than usual, and in being 
softer and less compact • 

Such are a few of the arguments that may be 
brought forward on each side of the question : 
none of them are decisive ; and they merely 
tend to shew that further enquiry is necessary 
before the phenomena of granitic veins can 
be satisfactorily explained, or reconciled to 
any system. ' Such an enquiry, it is greatly 
to be hoped, will be prosecuted in Cornwall, 
where so many circumstances are peculiarly 
favourable to the investigation ; where so 
many veins of the kind exists have already 
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attracted the attention of strangers^ and hare 
become the subject of interesting discussion. 

I cannot conclude this paper without re* 
questing the attention of the Society to an- 
other spot where granitic veiM occur^ and 
in a peculiarly interesting form. Pendeen 
Cove is the place alluded to : here the granite 
veins are numerous and large; and/ what i% 
particularly worthy of notice, they may her6 
be seen enmnating from a great mass of gra^ 
nite, and passing into the killas by wiuch' th« 
gnmite is covered^ 
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m.-^Notes on the Coast IVest of Penzance, and 
on the structure of the Scilljf Islands, 

By ASHHURST MAJENDIE, Esq. M.G.S.L. 
0on. member of the 80cibtt, 



JL HE granitic veins which traverse the Killaai 
of Cornwall, have been often noticed as among 
the most interesting geological phenomena of 
this district. I beg to call the attention of the 
Society to one remarkable instance. A little 
south of the pier at the village of M ouseholfe, 
and about three miles S.W. from Penzance, 
the clay slate ceases and the granite com- 
mences, forming a*promontory which runs out 
in a southern direction from the central ridge. 
The slate is of a grey colour : it is in strata 
nearly horizontal, but having a slight dip to 
the east; it increases in hardness near the 
junction. The granite, which is generally 
coarse and porphyritic from the large imbedded 
crystals of felspar, becomes here of a finer 
jgrain, with black mica, and light flesh-red 
^l^ar. On the tiorth it laps over the schistus. 
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At this spot numerous granite veins, varying in 
i^idth from about a foot to less than an inch, 
pass through the slate ; the two priHGipal veins^ 
proceed nearly east from the hill above, for more 
than fifty yards, until they are lost in the sea. 
One of these, not far from its first appearance, is 
divided and heaved several feet by a cross vein, 
consisting of quartz intermingled with slate ; 
fragments of slate appear also in the granite 
veins- The most remarkable vein, after pro- 
ceeding vertically for some distance, suddenly 
forms an angle, and continues in a direction 
nearly horizontal, having slate above and 
below. Now one of the theories advanced oh 
this subject, supposes that ridges of granite 
were left, and the slate subsequently deposited 
en the sides, giving the appearance of veins : 
the facts I have stated seem utterly irr^con- 
eileable with such an idea, and seem only 
explicable on the notion of a formation of 
granite, secondary to, or contemporanebusi 
with, the slate. 

Slate occurs again beyond Lamoma Gove^ 
and then grianite, which forms the most western 
promontory at the Land's End, and continues 
nearly to Cape Cornwall. By descending to 
the sands on the west side of th^ Loggan Rock 
at low water, the porphyritic granite may, be 
observed in great perfection ; the surface being 
polished by the action of the waves, the form 
of the felspar appears distinct; here also are 
numerous granite veins which are probably 
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ccmtemporaneGus^ being tortuous in their course, 
sometim€S horizontal^ and the walls indistinct 
and irregular : there are also many concre- 
tions of finer grained granite and schorl rock. 
These^ which^ on a dight view, might be taken 
for fragments^ appear to be contemporaneous 
also ; being often pen^rated by large crystals 
of felspar proceeding from the granite mass. 

Near Forth Just^ a veki is worked for tin ; 
and having been informed by Mr. Chinhalls^ 
the agents that there was a continual formation 
of stalactites in that vein^ Dr. Davy and my- 
«ielf descended to a part of the mine mider the 
aea^ which had been closed for two yeaxs, and 
from which all the stalactites had been re- 
moved. We here found numerous stalactites 
of oxide of iron» some eighteen inches in 
l^ngth^ of the diameter of about half an inch, 
and hoUow« The water which percolates is 
salt to the taste. 

The ate of the ' Crown' Engine at Botal- 
lack^ is a spot of great interest^ as well from 
thfi curious, nature of the rocks^ as their sin- 
gularly wild and picturesque appearance ; the 
Stteam engine is on a rock at the foot of an im- 
mense precipice^ over which the waves break in 
stormy weather^ and the ore is partly drawn up 
tbe face of the precipice and partly carried by 
mules^ by a path worked out on the brink. 
A vein of Garnet Rock runs in the slate^ accom- 
panied by thallite. The lowest rock is a com« 
pound of garnet^ tourmaline, and axinite. 
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The eliff of Trewidlard^ at a short distaMtf/ 
contains the latter substance most abundantlyy 
both am<Mrphous and crystallized. It may be 
worthy of consideration how far the occilrreace 
of garnet and axinite^ which are usually found 
in primitive rocks, bears-on the question of the' 
antiquity of the killas of Cornwall^ in which 
they occur. 

The Scilly Islands consist almost entirely of 
granite, reseml^ling that of the chain which runis 
through Devonshire and Cornwall, containing 
also veins of red granite. A beautiful variety 
occurs at the Lizard Point, Trescow Island/ 
in which the. felspar is of a pure white, and 
the mica crystallized in the primitive form. . In 
the same island is a remarkable cavern, in the 
center of which is a pool of fresh water : the 
, dimensions may be seen in the report of Mr. 
Tucker, proposing the formation of a break-> 
water. 

There is one part of the Island of St. Mary 
which I much wish should be visited by some* 
geologist of eminence, as there appears, in 
my opinion, an undoubted case of stratified 
granite. It is at the eajstern part of St. Mary'Sy 
near a small brook, where are to be found beds 
of a porphyry, consisting of a base of felspar, 
with crystals* of quartz an^ felspar. These 
beds are stratified } they pass by slow grada-^ 
tions into true granite, which also is stratified, 
dipping north-west at an angle of about 45^ 
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Asmdl quantity of tin wwrmised in St. Mary's 
about 20 years ago^ but I saw nothing to render 
it probable that any large workings had taken 
place in more ancient times. The granite of Scil« 
ly is very liable to decomposition ; this seems to 
be the cause which has formed the Druidical 
rock basins of some zealous antiquaries; if 
there be any doubt on this subject, it may be 
satisfied by obser^dng, that many of these 
basins are situated vertically, according to 
the direction in which the storm proceeded. 
These islands are now undergoing that di- 
minution which has already reduced them so 
much> At no great length of time, St. Mary's 
will probably be divided by the sea, and 
a channel formed through the low land, be- 
tween the New Town and the S. E. side of the 
garrison. This might be prevented by throw- 
ing down masses of granite from a neighbour- 
ing hill to form a barrier against the sea: the 
o];>ject may be worthy of attention, as the sea 
in winter, with a high tide, has been known to 
pass over this land, and the effect of its forcing 
m channel there would be to dividp the garrison 
from the rest of the island. 



rV. — A Sketch of the Geology of the Lizard 

District. 

By ASHHURST MAJENDIE, MG.S.L. 
hojf. membs& of thb socibxt. 



X BEG to offer to the Society an accoiuit of 
the boundaries and position of the serpentine 
formation^ occurring in the vicinity 0|f the 
Lizard Promontory. I have followed the 
complete outline of the coast from the Loe^ 
Pool to the Helford River^ and by crossing the 
interior of the country in various directions 
have, I believe, made out the junctions w^ith 
as much accuracy as the state of enclosure will 
pennit. There being no map with the ele-- 
vations distinguished, I have been obliged tov 
content myself with marking out the boundaries 
on Martyu's Map of Cornwall. The Society 
is indebted to Capt. Halliday for the drawings 
of the cliffs and strata. 

The slate, which is the getieral boundary of 
the district, rests ^ on the granite ridge beyond 
Helston on the North, at Constantine on the 
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ea$it^ and at Bieage on the west : it contains 
beds of greywacke. iPine sections of these 
strata^ singularly contorted, may be observed 
near Gunwalloe cove. Slate prevails as far as 
a small cove a little north of M ullyan, called 
BoUerinm, dipping south-east at an angle of 
about 40®, and, judging from its inclination^ 
appears to underlie the greenstone, which then 
succeeds. The latter rock occasionally crops 
out through the serpentine of Goonhilly downs. 
It is sometimes slaty, distinctly stratified, and 
may be seen to lie under the serpentine, on the 
south side of Mullyan cove, near to which it 
a^in forms the barrier to the sea as far as 
Vellan point : a small quantity of diallage is 
occasionally intermixed with this greenstone; 
the predominating ingredient however is com- 
mon hornblende. Steatite has been raised 
lately from a distinctly marked vein near Mul* 
lyan church-town. The mines of copper have 
been discontinued. I was informed that at 
low water, in spring-tides, narrow veins of 
native copper may be observed in the serpen- 
tine where it is covered by the sea. A mass of 
native copper ore was raised jfrom the mines of 
the weight of 104 pounds. 

Among the beautiful group of rocks forming 
Kynan's cove, reddish-brown diallage occurs, 
and dykes of felspar porphyry. The slate of 
the Lizard promontory commences at Gehilion, 
and dips south at an angle of about 60** : the 
serpentine rests on a bed of reddish talc, which 
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dips north : the iiitermediatc spnce Is filled by 
greenstone. Veins of fibrous carbonate of limjfii 
and of agate occur in the serpentine near fte 
junction. Mica slate then appears^ and con- 
tinues to the west side under the light-house, 
IJnder the slate, at the Old Lizard head^ are 
alternating beds of compact felspar and green 
talc, of considerable thickness. Greenstone 
continues alonff the coast from thence to a mile 
beyond Cadgwith ; the inclination of the strata 
IS north, at an angle of about 30°. Near the 

"I ' last village is an extraordinary natural amphi- 
theatre, the area of which is nearly two acres, 
and the sides about 200 feet in height : tlxe sea . 
enters through an arch near the bottom, where 
the position of the sei'pentine on the greenstone 
is very obvious. The most compact serpentine 
of this district is found at the Balk Head in 
Llandewednack ; it is, however, but ill adapted 
for purposes of ornament, taking a bad polish, 
as appears from the slab in the museum of the 
Society, which was cut firom a large block 
raised at this place by my directions : the pre- 
vailing colour is green, with red spots near the 
surface, owing probably to the oxydation of 
iron, as they do not appear at a greater depth, 
terpentine, containing small masses oC 

- 1 ' emerald-green diallage, or schiller-spar, con- 
stitutes the coa$t from hence round the Black 
Head to Coverack Cove; a place highly in:; 
teresting to the mineralogist, as jojSering a 
scries of rocks intermediate between serpentine 
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and diallage rock : these consist of green at)4 
reddish-brown serpentine^ with the jade of 
Saussure, (the feldspath tenace of Hatiy) and 
diallage of the green and metalloide Varieties : 
the latter substance shews here very distinctly 
those characters which distinguish it from horn- 
blende^ viz. its inferior hardness^ its difficult 
fusibility into a green enamel^ and its peculiar 
cleavage^ which discovers a considerable lustre* 
in one direction that is entirely wanting in the 
other ; whereas hornblende has natural joints of 
the same lustre in two directions. Some of the 
felspar found here is of a violet colour, and is 
striated like that of Labrador. I broke masses 
of diallage metalloide, six inches in lengthy 
from beds lying below high-water mark in 
Coverack Cove. I had an opportunity of shew- 
ing some of these to the Abbe Hatiy at Paris,' 
and of comparing them with his specimens 
brought from the hill of Mussinet near Turin. 
M. Hatiy observed, that the specimens from 
Coverack do not consist of pure diallage, but 
that fibres of common hornblende interrupt 
its texture ; that of Mussinet is foliated, and 
has no such intermixture. The composition of 
serpentine may be very well seen at Coverack, 
X conceive that, besides diallage and compact 
felspar, a portion of talc or steatite h essential, 
the intimate mixture of the two former sub- 
stances alone, forming a compound more re- 
sembling greenstone. 

c 2 
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A very beautiful rock commences at Cove- 
rack^ and continues for three miles along the 
coast, and in the interior through the. greater 
part of the parish of St. Keverne. It consists of 
felspar and hornblende/ with an occasional in- 
termixture of diallage, and contains imbedded 
masses and crystals of felspar : from its great 
beauty and hardness, it seems eminently adapt- 
ed for purposes of architectural ornament: 
columns and blocks of any required size may 
be obtained near the coasts from whence they 
might be easily shipped. Greenstone^ siniilar 
in appearance, and in the direction of the strata, 
to that of Cadgwith, occurs at Porthoustock ; 
and serpentine on the south-west side of Port- 
hallo^ resting on reddish talc, which lies, as 
before, on clay slate. No further variety is 
observable from hence to the Helford river, 
except a conglomerate near the Dennis creek, 
in which Capt. Halliday noticed veins of quartz 
traversing the large rounded pebbles of which 
the rock consists. In the interior of the coun- 
try, the surface of Goonhilly downs consists 
principally of serpentine, as may be traced by 
the growth of the erica vagans, which seems to 
find something congenial in a magnesian soil^ 
In a quarry of limestone on the downs, I no- 
noticed chalcedony, and a granitic porphyry 
near Mawgan, the position of which I qould 
not ascertain. 

The result of these observations seems to 
be, that if the slate which is deposited ou the 



\ 



• •• 



• • • 



i 



Lizard District. 37 

side of the central granite ridge, is to be con- 
sidered as primitive slate, of which it beiirs 
the external characters, the serpentine and 
diallage rock (gabbro) occur here in the same 
geological position which they have been found 
to occupy in the various parts of Europe where 
they have been noticed. 

In the diallage rock> at a small village near | , 
the coast, called Gwendra, and also in the rock 
of St. Keverne, I observed some small metallic 
ftpecks, which on chemical examination I found 
to consist of iron, with a portion of titanium, as 
was shewn by the precipitate thrown down by 
' tincture of galls : it appears most probable that 
these particles, carried down by streams to 
Menacchan, near to which place the St. Keverne 
rock has been traced, constitute the peculiar 
sand in which the metal titanium was first dis- 
covered by Mr. Gregor. I sent some of this 
substance imtnediately on having noticed it to 
Mr. Gregor, who informed me, by letter, that 
the result of his experiments proved it to be an 
assemblage of several ingredients, viz. silica, 
alumina, and the oxides of titanium and iron, 
with a -little potash : some of these ingredients 
might be derived from the gangue with which 
the metallic substance is intimately mixed. I 
lament, th^t the subsequent illness of Mr. 
Gregor prevented him from completing the 
experiments he had commenced. 
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CommQnicii.ted in a Letter to Henrt Boase, Esq. Treasuren 



X SHALL in this letter coinpl}r with the re- 
quest that you did me the honour to make^ of 
offering a few hints respecting the geology of 
Cornwall, I can hardly venture to hope that 
they will be worth the 9,ttention of the Society : 
most of the members have had much better 
opportunities than h^ive occurred to me^ of 
examining our interesting county ; and I dare 
say that many of the observations which I shall 
make^ will have been anticipated by others: 
at all events^ this communication will shew the 
desire I bavq to co-operate in promoting the 
useful object^ of the Society^ and I trust they 
will consider it as ^ proof of my re pect. 
Cornwall may be regarded xA^oxtt as the 
of Ve^n9^ It is hi veins that tht 
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most useful as well as the most valuable mi- 
nerals generally exist; that the pure specimens 
are found which serve to determine the miner- 
alogical specieSj and that the appearances 
seem most interesting in their connexion with 
geological theory. Thus veins^ which now 
may be considered in the light of the most 
valuable cabinets of nature, were once her most 
active laboratories ; and they are equally im- 
portant to the practical miner^ and to the 
imineralogical philosopher. « 

Amongst the veins of Cornwall, most curious 
m a geological point of view, are those of 
granite. These formations are extremely nu- 
merous. As far as I am acquainted with them, 
they intersect either micaceous schist, or other 
granite rocks. The most remarkable instances 
known to me in Cornwall, are those on the 
south-east extremity of St. Michael's Mount, 
those near Mousehole Cove, those at Zennor, 
and on the east and west sides of Cape Com- 
^vall.* At St. Michael's Mount the granite 
veins contain fragments of micaceous schist, 
and whoever examines without prejudice the 
different formations, cannot, I think, doubt 
that the vein has been produced in a chasm of 

♦ I first obserred the granite reins, of Cornwall about 
eighteen years ago; probably before, and certainly to a great 
extent since, they have occupied the attention of geologists, 
and they are too well known to the Geological Society to 
rec|uire any topographical history from me« 
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the rock in which it occurs, and that it is con- 
sequently posterior in formation. 

Similar instances of veins of granite are 
described by mineralogists ; a very interesting 
one was shewn to me at Killiney near Dublin, 
by Dr. Blake : some in the Isle of Arran, and 
in other parts of Scotland^ are well known. I 
have seen several cases of granite veins near 
Morlaix in Brittany. I do not know that any 
analogous formations have been observed in 
the great mountain chains of Europe. I have 
looked for them in vain in the points of junc- 
tion of the schist with granite, both in the 
Maritime, Savoy, Swiss, and Tyrolese Alps> 
and likewise in the Oriental Pyrenees. My 
researches have not been extensive or minute, 
but I should be disposed to conclude from 
what I have seen, that granite veins are pecu- 
liar to the low metalliferous ^anite and mica 
schist formations. 

There are deposited in the museum of the 
Royal Institution, three specimens of fragments 
of micaceous schist included in granite, which 
are from Cornwall ; two from St. Michael's 
Mount, and one from St. Just At the points 
of junction of micaceous schist with the low 
granite, in various cases which I have seen, 
rocks of granite occur, containing considerable 
portions of the schist; this is particularly the 
case at Killiney in Ireland, and near Balyhulish 
in Scotland, I have seen similar instances in 
the granite used for building in Mayence, in 
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France ; and in a pillar of granite^ vrliich was 
erected some years ago to Buonaparte at Mar- 
seilles^ there is a very large fragment of mica 
schist. 

The place where the granite joins the schist 
in St. Michael's Mount, is remarkable for the 
number of crystallized substances it contains ; 
oxide of tin, wolfram, phosphate and fluate of 
lime, quartz, mica, felspar, topaz, are all well 
known to occur in the same veins; and the 
particular investigation and history of the 
nature of the crystallized bodies occurring in 
this beautiful and remarkable spot, appears 
well worthy of the attention of the Geological 
Society, established so immediately in its 
neighbourhood. 

An opinion has been expressed by a foreign 
naturalist, who was extensively employed in 
geological researches some time ago by the 
Geological Society of London, that the granite 
veins of Cornwall are mere protuberances of 
primary granite in which mica schist has form- 
ed. This opinion does not merit discussion, 
and could only have been formed in conse- 
quence of very superficial examination. It 
might, with nearly as much reason, be stated, 
that the veins of copper and tin belong to a 
great interior metallic ma^s, and that they 
existed prior to the rocks in which they are 
found. The notion that these veins are con- 
temporaneous with the rock is more plausible, 
and a forced explanation of many of the phe- 
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ilomena might be given on this view ; but it is 
contradicted by the fragments of mica schist 
found in the veins. 

The porphyry of Cornwall in general seems 
to belong to the dyke or vein formation, and 
its history is an object of considerable geolo- 
gical interest. Thenorthern shores of Mount's 
Bay exhibit great varieties of this substance^ 
and it contains a number of crystallized sub- 
stances which intersect it in veins. A most 
remarkable vein of this kind was worked some 
years ago at the Wherry mine near Penzance ; 
the principal metals were oxide of tin, and 
sulphuret of copper; but ores of cobalt and 
lead likewise occurred, and the variety of me- 
tallic substances found with them in minute 
quantities was very extraordinary. I have seen 
in the refuse heaps blende, oxide of uranium, 
oxide of titanium and of' iron, pech blende, 
nickel, and arsenical pyrites ; and in a single 
piece of the vein, of a few inches square, many 
of these substances might be found imbedded 
in quartz or chlorite. 

A very good account of the working of this 
mine hsls been drawn up by Mr. Hawkins, one 
of tlie members of our Society, and published 
in german; and I have seen a french trans- 
lation of it in the Journal des Mines. This 
paper, in an english dress, ought to be placed 
in the archives of the Geological Society of 
Cornwall, and is worthy of being inserted in 
their first publication^ as a record of the in* 
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dustry and ingenuity with which great natural 
obstacles were overcome. The Wherry mine 
is the only instance^ I believe^ that has ever 
occurred of a shaft sunk in the ocean ; and of 
a mine worked^ the only access to which is 
below low water mark. — (Soe pi. 1). 

The serpentine district of Cornwall has not 
yet met with the attention it deserves. 1 have 
seen no formation in which the nature of ser- 
pentine is so distinctly displayed. The true 
constituent parts of this rock appear to be 
resplendent hornblende and felspar; it seems 
to differ from sienite only in the nature of the 
hornblende^ and in the chemical composition 
of its parts^ and in being intersected by nu* 
merous veins of steatite and calcareous spar. 
Near Coverack pove^ the felspar and resplendent 
hornblende forming the rock^ occur in crystals 
of some inches in size ; and from this size there 
is a gradation to crystals so minute^ that the 
rock appears of a simple nature. The green 
or red colour 'of the hornblende is generally 
the cause of the peculiar tints of the rock ; the 
felspar is generally white^ but in instances at 
Coverack, some of the large crystals of felspar 
are of a reddish hue. 

The nature and origin of the veins of stea- 
tite in serpentine^ are curious subjects of en- 
quiry. Were they originally crystallized and 
the result of chemical deposition l or have they 
been (as for the most part they are now found )^ 
mere mechanical deposites? I am inclined to 
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pentine is so distinctly displayed. The true 
constituent parts of this rock appear to be 
resplendent hornblende and felspar; it seems 
to differ from sienite only in the nature of the 
hornblende^ and in the chemical composition 
of its parts^ and in being intersected by nu- 
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the last opinion. The felspar in serpentine is 
very liable to decompose, probably from the 
action of carbonic acid and water on its alka- 
line, calcareous, and magnesian elements ; and 
its parts, washed down by water and deposited 
in the chasms of the rock, would iiecessarily 
gain that kind of loose aggregation belonging 
to steatite. 

I made, some years ago, a rude comparative 
analysis of the felspar in serpentine, and of 
the soap rock. I found the same constituents 
in both of them, except that there was no 
alkali nor calcareous earth in the steatite, but 
.my experiments were not so exact as to deter- 
mine the proportions. It is not easy to con- 
ceive that steatite was originally a crystallized 
substance which has been since decomposed ; 
for in that case it oujs^ht ' to be found in its 
primitive state in veins excluded from the 
action of water and air ; and it is not difficult 
to account for the hardness of some species of 
steatite on the hypothesis which I have stated. 
Mere mechanical deposites, when very finely 
divided, and very slowly made, adhere with a 
considerable degree of force. A remarkable 
-1 instance of this kind has occurred to me: 

amongst the chemical preparations of the late 
Henry Cavendish, Esq. which were given me 
by Lord George Cavendish, there was a bottle 
which had originally contained a solution of 
Silica by potassa; the cork had become de- 
.caycd during the lapse of years^ and the carbo- 
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nic acid of the atmosphere' had gradually pre* 
cipitated the earthy so that it was found in a 
state of solid cohesion ; the upper part was as 
soft as the steatite of the soap rock, but Hie 
lower part was very hard, was broken with 
some difficulty^ and had an appearance similar 
to that of chalcedony. 

The felspar of serpentine seems to differ 
from that of other rocks^ in containing a much' 
larger proportion of magnesian earth; but many 
varieties of felspar are liable to decomposition ; 
the por<;eIain clay of St. Stephens is well known, 
to be the result of a process of this kind. 

1 have seen a specimen of porcelain clay 
from a mine in the west of St. Just, which 
contained a quantity of magnesia, and which 
appeared to be produced by the disintegration 
of felspar. It occurred in a quartzose vein, 
which afforded oxide of tin. Copper, I believe, 
is the only metallic substance that has been 
found in any quantity in the serpentine forma- 
tion of Cornwall, and crystallized substances 
in general are rare in the cavities of this rock. 
In America, chromate of iron is found in ser- 
pentine ; and in the serpentine of the coast of 
Genoa, Professor Viviani has shewn me arra- 
gonite, and a peculiar crystallized stone analo- 
gous to crysolite. The relation of the CornisH 
serpentine to the neighbouring rocks is worthy 
of examination ; towards the north it seems to 
pass into micaceous ^hist ; at the point of Cape 
Lizard it is bounded by stratified sienite, and 
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white micaceous schist. In Kynan's Cove^ so 
remarkable for the beauty of the forms of its 
ciifTsj and for the number of their caverns^ there 
is a protuberance of granite above the white 
sand. I do not believe that the Cornish serpen* 
tine has> as yet, been applied to any purposes 
of architecture or sculpture, and in general at 
the surface its parts are too small, and contain' 
\£^ many fissures to be worked with advantage \^ 
but I am convinced, that by making proper ex- 
cavations, many parts of the serpentine district 
would afford large and beautiful blocks of great 
fineness and beauty of colour. 

Hie serpentine of the Appenines is in ge- 
neral very like that of Cornwall. During in 
examination of the coast of Italy, that I made 
between Genoa and Massa, I found, a few miles 
from Sestri di Levanto, an ancient quarry 
bearing marks of having been worked by the 
Romans ; but which, amongst the profusion of 
marble furnished by the neighbourhood of 
CaiTara, and amidst the quantities of ancient 
remains of verd antique, is neglected by the 
modern Italians. 

I hope some members of the Society will 
examine the black marble of the north coast of 
Cornwall. From a superficial examination that 
I made of a part of this district, it appeared to 
me to be of the same formation as the Plymouth 
inarble. 

I am ignorant whether any true basalt exists 
in Cornwall. Near Port Isaac I have seen on 
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the road wacke pr niandekteiii^ but I do not 
know where it wa.9 quarried. A sieaite, re* 
sembling the Scotch grunstein^ is very common 
on the eastern border of the county : but I jtm 
inclined to believe that it belongs to the pri- 
mary formation, x 

Though the whole of Cornwall is of a very 
peculiar mineralogical construction compared 
with the rest of Britain^ and even of Ireland^ 
yet it bears very a considerable relation to the 
opposite coast of France. The mica and chlo- 
rite schist^ and the granite (the killas and 
growan) in the neighbourhood of Morlaix in 
Brittany^ 1 find precisely similar to those of 
Mount's Bay^ and containing similar kinds of 
actinoly te and thumerstein ; and I saw at Mor- 
laix specimens of serpentine (said to have been 
brought from the neighbourhood of Rosloflf) 
similar to those of Cape Lizard. 

Veins of tin have been worked in the low 
French granite formation ; but as yet they have 
not been productive. 

The conformation of Cornwall is in the 
highest degree curious, and the facts it offers 
are illustrative of many important points of 
geological theory. It exhibits very e;!itraordi- 
nary instances of rocks broken in almost every 
direction^ but principally from east to west, and 
filled with .veins again broken in^ diversified by 
cross lines, and filled with other veins, and ex- 
hibiting marks of various successive phenomenu 
of this' kind. 
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mate more nearly to probability when we 
attempt to connect effects with their corres- 
ponding causes. 

The first instance in which I saw muriate of 
tin, occurred in a specimen of what is usually 
called ''Jew's House Tin;"* it was kindly 
presented to me many years ago, by Mr. John 
Micheli, of St. Austle. It was amongst other 
lumps discovered under the surface of a low 
and boggy ground in the parish of Kea ; the 
tin was accompanied with a stratum of charred 
wood or charcoal. The first thing that struck 
me in this mass of tin, was a vein of saline mat- 
ter that ran through it; this saline matter I 
found to my astonishment to be muriate of tin. 
The whole mass evidently appeared to be in a 
state of decomposition. There was also a 
marked gradation in the several changes which 
the metal had undergone ; one part of the ma§s 
had the appearance of metal, which, although 
some change had taken place in it, could, to a 
certain degree, be extended under the hammer. 
This metal in the next layer, began to be split 
into fragments, ,M'hich still adhered together ; 

* It may be necessary to state the ftieaning of the term 
*^ Jezc^s House,^* It is a plot of groaiid that has been 
hollowed out, and is found to contain ashes and often frag* 
ments of metallic tin, Mhich has given rise to the fallacy re- 
.specting the discovery of that metal in a native state ; these 
ancient remains of the places where tin was formerly smelted 
by the Jews^ are frcqu.ently found in different parti of the 
county. 



the Geology of ComwalL 4d 

^he lavas of Langiiedoc^ of the Vivaraisi of 
Andemach^ and of the Siennese^ and Roman 
states, offer numerous instances of the forma^ 
lioii of tufas, which consist of separate crystals^ 
and which have assumed tlie columnar arrange-^ 
ment. Near Aix in Provence, I have seen a 
dyke between strata of limestone> which^ at 
its lower extremity, has the character of 
basalt^ and it is arranged like a basaltic dyke 
in regular horizontal prisms ; but its upper 
edge has the characters of amorphous lava; 
and where it has been decomposed and worn 
to a great depth by the operation of a torrent^ 
it has all the characters of a primitive sienite, 
being composed of large crystals of hortiblendQ 
and felspar. 

It is amongst extinct volcanoes, the . sur^ 
faces of which have been removed by the 
action of air and water^ and in which the 
interior parts of strata of lavas are exposed^ 
that the most instructive examples of the ope- 
ration of slow cooling upon heated masses are 
to be found. It is difficult to conceive that 
water could have been the solvent of the dif- 
ferent granitic and porphyritic formations ; foi* 
in this case, some combinations of water with 
the pure earths ought to be found in them^ 
Quartz oiight to exist in the state of hydrate } 
and wavellite, not corundum, ought to be the 
state of alumina in granite. 

To suppose the primary rocks in general to 
have been produced by the slow cooling of a 
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they occasionally exhibited spots of the colours 
blue and yellow. The next layer was still 
further changed, as it had assumed the appear- 
ance of a brown earth or oxide, through which 
a white brilliant salt shot, here and there, in 
mammillary protuberances. Next to this 
brown oxide a regular vein of crystallized salt 
occurred ; it was of a yellowish hue, and was 
» compact and hard ; the vein was nearly one 
fourth of an inch in thickness. The outer 
surface, to which it was strongly attached, was 
also about one-fourth of an inch in thickness; 
was black, and so hard that angular fragments 
of it were capable of scratching glass. I do not 
mean to affirm that these several states or stages 
of progressive decomposition or change in this 
mineral substance, were so distinctly discrimi- 
noted as not here and there to run into each 
other, for this indeed was true with respect to all, 
except the hard black matter, which lay next 
to the vein of muriate of tin ; the line of separa- 
tion was here distinctly marked. 

The metallic tin has, evidently, undergone 
some change since the mass has been in my 
possession, and some saline matter has shot 
forth from the brown oxide, and still continues 
to shoot. 

The form of the crystals of this muriate of 
tin appears to be that of square laminse, the op- 
posite angles of which are frequently truncated. 
These laminae are closely packed together in 
a mass in the vein of the salt before mentioned. 
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bad been considerably diluted with water. A 
drop of liquid nitrate of silver threw down a 
precipitate of a deep chocolate brown colour. 
I separated an abundant quantity of oxide of 
tin from another portion of this solution by 
means of ammonia; the residuary fluid, after 
\>eing neutralized by nitric acid, was assayed 
with liquid nitrate of silver, which separated 
muriate of silver, no longer tinged brown, but 
which was white. 

I have seen some other masses of ^' Jew'» 
Hotise Tin'' in an early stage of decay, wherein 
the metallic tin was breaking into fragments,, 
and gradually passing into an oxide; but I 
doubt not, but that under favourable circum-* 
stances of time, &c. they would have advanced 
through all the stages of change before speci- 
fied. Nitric acid poured upon some of thisi 
partially decayed metal, converted it into a 
white oxide ; the soluble part was then extract- 
ed by distilled water ; liquid nitrate of silver 
dropped into it separated a precipitate of a, 
ehesnut colour ; it consisted of oxides of silver 
and tin, a trace also of the presence of muriatic 
acid was discovered, which was still more evi- 
dent when some of the same substance was 
fused with pure potash, &c. &q. This agrees 
with the result of trials made upon portions 
of the mass first mentioned, which was in the 
first stage of decay. I have seen other lumps 
istill farther decayed^ in whigh 1 could here aud 
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there detect a few crystalline latninae. I was 
much struck by a passage which I met with 
in Mr. Phillips's ingenious and scientific me- 
moir on the ox7/d of tin in the second volume 
of the Transactions of the Geological Society 
of London — '^ This specimen (of supposed na- 
tive tin) seems very much to agree with some 
found in France by Schreiber, an account of 
which he has given in the Journal des Mines, 
ex.cept that those were accompanied by a white 
substance, which proved to be white muriate 
oftin." 

It appears then from what I have had the 
honour of submitting to the Society, that the 
gradual conversion of tin into a muriate, is not 
an isolated fact : but there seems to be in this 
metal a tendency to change, a liability to 
very gradual and progressive alteration, under 
peculiar circumstances. What a,ll these cir- 
cumstances are we are not warranted by ade- 
quate data to affirm. I will, however, hazard 
one observation ; it is this, that the pieces of 
tin which I have seen undergoing the change, 
have all agreed in this one particular, that they 
were found under the surface of boggy ground, 
where we may suppose that sulphuretted hy- 
drogen gas is generated. It has indeed been 
suggested to me that the muriatic acid may 
owe its origin to muriate of soda, which might 
have been used as a flux for fusing. the metal. 
The probability of this supposition seems to bo 
jftegatived a priori when we consider how rude 
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and summary the process of fusion was itt 
ancient times ; the stratum of charred wood 
which generally accompanies these lumps of 
tin^ proves that the ore was not confined within 
the limits of a furnace^ but exposed to an open 
fire. If mijriate of soda had been employed 
hnd decomposed^ some traces of the presence 
of soda would be discoverable. On my em« 
ploying the usual modes^ I could detect no 
trace of it, or of potash. 

I flatter myself that the Geological Society of 
Cornwall will consider the facts which 1 have 
submitted to them^ not altogether uninterest- 
ing^ and that they will deem them worthy of 
being followed up by further and more scru-* 
pulous investigation. An accurate examination 
of the i^ots where such lumps of tin have been 
founds and a more rpinute and rigid analysis ot 
them in the several stages of change^ both 
by the ordinary methods as well as by thQ 
means of pneumatic chemistry^ might afford 
some interesting results^ and possibly lead to 
some curious conclusions^ which might tend to 
establish truths of general application. 

It cannot be expected that we can produce 
in our laboratories any change in tin similar 
to those changes which I have described ; for 
chemists cannot call to their aid an au:s^iliary 
essential to such a process ; I mean that sUent^ 
secret, yet powerful agents Time. 

X ought to apologize for using some anti-^ 
quated terms in this paper^ such as muriatic 
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acid^ &c. which are now superseded by terms 
more appropriate^ chloi ine, stannane, t^c. ; and 
above all I feel that an apology is due for the 
jejuneness of this paper ; the fact is, that the 
few experiments which I made on the tin were 
made some time ago, and for a long season I 
have been prevented from extending and mul- 
tiplying them ; but I choose to send this 
memoir with all its imperfections on its head, 
rather than to omit an opportunity of shewing 
my respect for a Society so eminently calculated 
to promote the interests of the county, and of 
which I have the honour of being a member, 

Creedy September 7, 1816. 
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Since writing the above, I have visited 
Menabilly, where I saw two specimens of 
^^ Jew*s HovLse Tin.'' Both were in a state of 
gradual and apparently increasing decay^ and 
both contained crystals of muriate of tin ; one 
of the specimens had a vein of this salt run- 
ning through it, beautifully crystallized. I 
could not learn whence these specimens came ; 
they were, however^ supposed to have been 
found in a low swampy ground, 

fthruary 12, 1817- 
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VII. — Observations on the processes for making 
the different Preparations of Arsenic , which 
are practised in Saxony^ and on those fdr 
preparing Smalt or Cobalt^ as pursued in 
Bohemia, 

Communicated in a letter to John Aybton Paris, Mt D. 
By JOHN HENRY VIVIAN, Esq. 



JL OU have frequently done, me the favour to 
ask me for some information on the subject of 
the mines and smelting works which I had an 
opportunity of examining^ during my travels 
on the continent. It was fully my intention to 
have furnished you, before this, with a memoir 
6n the Saxon and Hungarian mines, and I 
regret that other business has hitherto pre- 
vented me ; anxious, however, to shew the in- 
terest I take in the success of the .Society of 
which you have shone so conspicuously as the 
founder, I am unwilling to leave the county 
without complying with your request^ although 
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I fear the communication is little worthy of 
your consideration. 

Having heard, a few days since, that an 
establishment in Cornwall had to contend 
with considerable difficulties in making the 
different preparations of arsenic, it occurred to 
me that it might be advantageous to give pub- 
licity to some remarks I had an opportunity of 
making during my last visit to Saxony, on the 
methods practised in that country ; having had 
the good fortune to be admitted to examine in 
detail, all the works carried on for that pur- 
pose. To these I shall add some remarks on 
the method of preparing smalt or cobalt, which 
it is well known is imported into England from 
Saxony, at the very time that cobalt ores have 
of late been found in considerable quantities in 
this county. 

I should state that, in Saxonyj the cobalt V 
works belong to the sovereign, and that 
strangers are not admitted to see them; having 
received great civilities from the managers of 
all the other establishments, I did not attempt 
it; it is from those of Bohemia. that the infor- 
mation is derived which I shall communicate, 
and. the processes^ I understood, were the same 
as those of Saxony. 

The preparations of arsenic are of fotir 
sorts, distinguished in commerce by their 
colours ; viz. 

1. The Grey or Black, which is arsenic in 
the metallic state. 
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S. The Red, a compound of the metal and 
Bulphur^ 

3. The White, an oxyd of arsenid. 

4. The Yellow, a compound of the oxyd 
'With stUphur. 

The two first are made entirely from the 
^ arsenical pyrites, or white mundic of the 

Cofiush miner. The oxyd and its compound 
may be prepared frdm the sublimated arsenic 
from the tin buming^^houses ; indeed I doubt 
not but the metal itself might be obtained from 
the buming*house sublimate^ which is chiefly 
an impure oxyd, by reducing it with charcoal 
powder or iron ; and in case of its containing 
much sulphur, a little potash might possibly 
be added with effect, or it might be subjected 
to a second roasting, during which a great part 
of the sulphur would burn off. The meUiod 
by which in Saxony they prepare the red, or 
sulphuret of arsenic, is by mixing equal quan* 
titles of the common pyrites, or mundic, and 
of the arsenical, or white mundic, in a cyliiic* 
drical earthen retort about two feet in length, 
and six inches in diameter at the mouth, taper^ 
ing a little towards the end. Twenty-two of 
these retorts, containing about four cwt. of 
pyrites, are placed in a reverboratory furnace, 
eleven on each side, in two tiers^ thus. 
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the lower tier of six resting on the sides of tbb 
fiiraace or fire place, and the upper tier of fivft 
lying on them. 

The retorts are so placed that the closed 
ends do not project into the fire beyond the 
sides of the &maee ; the whole are under an 
arch. The following sketch will represent a 
section of the furnace and retorts : 



To tiie mouths of these retorts, which lie 
horizontally (a), and project through holes in 
Ibe sides of the upper part of the fiimace (c), 
below which is the fire place -(d), others pre- 
cisely similar are luted with clay (66) ; and as 
tiiey form an angle with those in the furnace, 
a small ring of baked clay is placed on the in- 
side of each at the point of junction to assist tiie 
luting (eej. It may be observed that the 
f^rites in the retort should not be loo fine, or 
it will be liable to bake together. The fiimace 
being thus prepared, a tolerably strong fire is 
given for eight or ten hours, and a sublimate 
comes over and forms a glass in the receiver, 
which is taken out, wheii sufficiently cool, and 
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afterwards purified. This is done by meltingf 
it in a cylinder formed of sheet iron six or eight 
inches in diameter, burning wood being kept 
around it. The slags which collect on the 
surface are skimmed off, and when the mass is 
sufficiently cleansed, which is ascertained by 
taking occasionally an assay with an iron rod^ 
it is cast into a semicircular iron pan ; it is then 
of a fine red colour, has a glassy fracture, and a 
smooth shining surface^ 

The grey, or metal of arsenic, is prepared in 
a similar manner, except that arsenical pyrites 
alone are employed, and instead of a ring of 
baked clay, a piece of sheet iron is placed round 
the inside of the receiver, where it is connected 
with the retort to which the sublimated metal 
attaches itself- When thus prepared, it has a 
dark grey sparkling appearance. Some impure 
metal of a dead earthy aspect is likewise ob- 
tained in the burning-houses over the mouth of 
the furnace, being a portion of the sublimated* 
oxide reduced .- 

The 1/ellow arsenic is a compound of th-e' 
oxide of arsenic, with a small quantity of 
sulphur. It is prepared by mixing in a shal- 
low circular cast-iron pan^. two cwt. of the^ 
impure oxide of arsenic from the burningr 
house, and a quarter of cwt. of sulphur. 
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The jians (a) used fot this purpose are shal- 
. low, about two feet in diameter, and are laid iri 
hiasoni'y over the fire place (b) ; when the 
mixture is forriled, it is covered with a cap (c) 
bfsh^et iron^ of a pyramidal form, and abdut 
four feet in heighti and carefully luted at thei 
point of connection; The fire is theh kept up 
for twelve or sixteen hours, and the sublimate^ 
of a fine y^Eillow dolour, is found adhering to th^ 
sides of the iron cap, frbtn which^ when cool, it 
is easily separated. 

The White, or oxide of arseiiid, is J)repai^efd 
precisely in the same manner, but without the 
addition of the sulphur; The sublimate ob- 
tained, not being quite pure> undergoes a 
, second and similar operation; it isthenquitd 
clear and transparent; 

These products ai'd pdundedi sifted> and 
(lacked in cases for exportation i I v^as informed 
that considerable quantities were sent to Eng- 

1^ 
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land. The red and the grey bear the highest 
price. 

The white is particularly dangerous to handle^ 
being of the most poisonous nature. I ob- 
served running water throughout the works^ 
and the frequent use made of it by the workmen 
was evident from the lady-like whiteness of 
tlieir hands. 

Having thus endeavoured shortly to explain 
the method of preparing the different kinds 
of arsenic, I shall proceed to give such observa- 
tions as I had the means of making on 

The Preparation of Smalt, or Cobalt. 

The ores used in the cobalt works of Bo- 
hemia^ on the frontiers of Saxony, near Johann- 
Qeorgenstadt, to which I gained admittance, 
are chiefly from the mines at Jbachimsthal, 
and are inferior in quality to those used in the 
Saxon- works from the Schneeberg mines. 

The cobalt ores at Schneeberg occur fre- 
quently so blended witli ores of silver, that as 
one or the other metal must be sacrificed, it is 
often a matter of calculation to which works 
it will be most advantageous to deliver them. 
The first point to be ascertained is, the precise 
quality of the ore to be acted on ; this may be 
done by roasting, or calcining a small quantity, 
and tiiien melting it with sand or potash, so as 
to form a glass : it should be observed, that 
for trials in the crucible, a larger proportion ipif 
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potash is required than is used in the mixture 
for the pots. . , _ ^ 

Much depends on giving the ore a propei* 
degree of cialcination. If it hn ovefcalcinedi 
the glass from it has a red appearance^ and on 
the other hand^ if it be not sufficiently calcined^ 
the glass has a greenish or blackish cast; Cal- 
cining too high is to be particularly avoided; 
Some ores require otily one hour's calcination^ 
others two^ and some even eight or nine hours i 
this operation is performed in a commbn re-" 
terberatory furnace, in quantities of thi*ee oi^ 
four cwt. As all cobalt ores contain arsenic^ 
some sublimate is obtained from the flues o^ 
. the calcin^r, which 1^ occasionally used in 
:$mall portions as a flux in preparing the glas^ 
when the potash is not good. 

The ore when roasted is dry-staiflped, and 
sifted ; it is then mixed, in the proportion o^ 
on^ to three, with a flne white sand prepared 
from stamped quartz, and to this thixturd 
about one-third of potash is added ; the quan-^ 
tity of potash employed must depend, how^ 
ever, in a great measure, on th^ purity of the 
article and on the fusibility of the ores. These 
ingredients, Well mixed^ ai'e then put into a 
circular pot, made of fine clay, about eighteen 
inches in diameter, and somewhat less in 
depth. The furnaces in which the fusion is 
performed, vary in their construction ; in dno 
work I observed the furnace was circulai;, and 

B a 
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contained six pots^ in the midst of which is a 
circular aperture to admit the flamci 




In another it was square, and contained only 
four pots, but the circular furnace appeared to 
me most advantageous ; the fire in each case 
was below the bottom of the furnace in which 
the pots stood, and had a circular hole in the 
centre through which the flame ascended, a 
strong arch covering the whole. Each pot 
contains about half a hundred weight of this 
mixture; when it has been properly fused^ 
which may be after eight or nine hours strong 
firing, the vitrified mass is laded out through 
a door in the side of the furnace (aa) just above 
the mouth of each ^pot (66), and cast into a 
cistern of water. 
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Although the usual proportion of sand to the 
r5asted cobalt ore is as three to one, this must 
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depend materially on the quality of the ore^- 
and on the density of colour required for the 
glass. For the light coloured glasses^ the in- 
ferior ores, however, are generally employed. 

I should observe, that in the bottom of each 
pot is a small hole, for letting off the metals 
which occasionally collect there, and which 
were contained in the cobalt ore. When not 
in use, this tap-hole is stopped with clay. 

The glass thus obtained is dry-stamped to 
about the size of common sand, and sifted. 
It is then ground with water in a stone mill. 
Two long square stones of a fine grained 
granite, with grooves in the lower side> 




and fastened together by iron bars, are moved 
round in a large fixed circular trough. 




After the mass is well worked about for 
six hours, it is let off and diluted with water 
in a tub, where it is allowed to stand for five 
or six hours more, until the coarser part is 
deposited; the liquid containing the fine 
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is then taken out in buckets, put into another 
and a larger tub, further diluted^ and allowed to 
remain for twenty-four hours. As the fine be- 
comes deposited, the water above is let off by 
degrees, by means of plugs in the side of the 
tub, and is passed through a range of pits,, 
in which it deposits any it may still contain. 
The tine deposit obtained in the tubs is again 
stamped and washed in the same manner ; it 
is then dried on a hearth, sifted, and prepared 
for sale, 

The assortments of smalt or cobalt are 
distinguished in Saxony by letters; thus of 
|he/we, there are the FFFE, FEE, FE, ME, 
MES.^nd OES, 

Of the cqeirse, PPPC, FFC!, FC. 

The coarse sorts feel a little rough between 
the fingers; the fine are quite a powder. 
The three F's are the deepest, and finest co- 
loured. The sorts MES £^.nd QES are quite 
pale, scarcely tinged ; they are obtained from 
the pits through which the w^ste water passes. 
The co£|.rse sorts appear of 9. deeper colour 
than the Jine, although obtaii>ed from the same 
glass. 

I shall, be inost happy if the informatioii 
I have thus attempted to give should prove of 
any advantage to the manufacturers of our 
pounty, and I hope I shall shortly be enable^ 
\6 send you a memoir on some other subjectii 



VIII. — A sketch of the plan of the Mining 
Academies of Fret/berg and Schemnitz. 

By JOHN HENRY VIVIAN, Eiq. 

MEMBJEIB OF THE SOCI£TT. 



X HE establishment of a mining academy in 
the county of Cornwall has ever been a fa- 
vourite scheme of mine. I need not therefore 
dwell upon the satisfaction that I feel at the 
exertions which the Society is making to esta-» 
blish a chair for a Professor of Mineralogy and 
Geology; and I beg to communicate that, 
should the resolutions upon this subject be 
carried into effect, it is my intention to present 
to the museum, the mineralogical collection 
which I formed at Freyberg, immediately under 
the eye of Werner, The following sketch of 
the plan of the academies on the continent, 
which I have had an opportunity of visiting, 
will probably, upon this occasion, be received 
by the Society with some degree of interest. 
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The academy at Freyberg, in the ErtzgCi 
birge (metalliferous mountains) of Saxony^, 
has been established about half a century. It 
is supported by the government of the conn? 
try ; the sovereign, as in the other continental 
states, deriving a considerable revenue in dues^ 
&c. from the mines. Of the three professqrs 
belonging to it, two are well known in the 
scientific world ; Mr. Werner, who lectures on 
mineralogy, geology, and the art of mining. 
Lam?adius, professor of chemistry, metallurgy,^ 
assaying, and analytical chemistry. Mr. Russii 
lectures on mathematics, physics, dialling, ^c. 

There are likewise several drawing' and 
writing masters. The students are recom-5 
mended by the sovereign, and have free ad-? 
mission to the lectures : during the l9.tter part 
of their residence at the academy, they receive 
a small stipend. The time allowed fpr their 
education is three years, The Board of Di- 
reptors of the Mines, before whom there is a 
, public examination at the end of every coursCj^ 
which lasts from the summer of each year to 
the Easter following, regulates the sittudies of 
the collegers according to the situations for 
which they are destined ; those intended for 
the mining departmerit are to attend the lecr 
tures on mineralogy, geology, the art of 
mining, dialling, mechanics, &c. ; whilst those 
for the smelting department, Hpply themselves, 
particularly to chemistry and metallurgy. 

The mines being in th^ immediate vicinity 
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of the town of Freyberg, the students are 
expected to make frequent excursions under- 
ground, and to draw up a report of their ob- 
servations. That they may become thoroughly 
acquainted with the practical part of mining, 
a, pitch is usually allotted to each in q. mine 
nefLY the town, and the student is paid a some- 
what higher price than is pommonly givei^^ 
for the work done. At ' the expiration of the 
three years, the student is recommended to a 
situation, if he has regularly pq^ssed his exa- 
minations, and conducte4 himself ^ith pro^ 
priety. 

The lectures for the collegers are lil^ewise 
open to strangers, dn their making a moderate 
pompensation for each course to the professor. 
Mr. Werner in particular had pupils from all 
the nations in Europe. At the time I studied 
there in 1804, there were Frenchmen, Spa- 
niards, Poles, Prussians, Bavarians, and one 
Englishman, Mr. Chenevix. In addition to 
the public lectures, I had a private course with 
Mr. Werner, ^nd shall ever feel gratified for 
the great attentions I received from him as well 
during my former residence at the academy, as 
at my late visit in 1815. In fact every one at / 
Freyberg is anxious to forward the pursuits of 
strangers, and to give them all the information 
they may wish ; the mines and ^yorks are al- 
ways open to inspection, and every thing re^ 
lating to them is admirably conducted ; per- 
mission from Dresden is required to study at 
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the Academy^ but it is readily obtained. 
There is a collection of models^ and likewise 
one of minerals, belonging to the Academy ; 
the latter of which will now be completed by 
the addition of Mr. Werner's private collec- 
tion, for the purchase of which the government 
has lately made an arrangement. 

The Mining Academy at Schemnitz, in 
Lower Hungary, was founded in the year 1760, 
under the auspices of Maria Theresa; it is 
supported by the Austrian government, being 
for the education of young men destined for 
the direction of mines and smelting works in 
any part of the Emperor^s dominions- As 
these are very extensive, and as each board of 
direction of mining districts has the right of 
reconxmending several students, their number 
is much more considerable than at Freyberg. 
At the time I visited Schemnitz in May, 1815, 
they were said to amount to nearly two hun-' 
dred ; the period of their studies is likewise 
three years ; but with this difference, that in- 
stead of confining themselves^ as at Freyberg, 
to the sciences immediately connected with 
their future destination^ they attend a course 
'of lectures on each, and at the expiration of the 
three years, if they have passed their examina- 
tions, they declare for which line they intend 
to qualify themselves ;[ if for the mining de- 
partment, they are expected to reside six; 
months on the mines in the neighbourhood of 
th^ town, to learn the practical part of mining, 
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dressing the ores, dialling, &c. ; or if for the 
smelting department, a residence at one of the 
smelting works is necessary ; they are expected 
also to go under-ground, at least once a week, 
during their residence at Schemnitz, in parties 
of five or six, to assist each other by their 
remarks. ^ 

The student, before he enters the Academy, 
is supposed to have some general knowledge of 
mining. The first year he attends the lectures 
of the professor of physics and mathematics, in 
which those parts which relate particularly to 
mining are detailed, as hydraulics, hydrostatics, 
mechanics, geometry, trigonometry, &c. ; this 
year may be dispensed with if the student from 
previous application can pass the examination. 
The second year is devoted to chemistry and 
metallurgy ; the third to geology and mining. 
Each course It^sts five months, with one month 
vacation. In the lectures on geology, Werner's 
system is followed, as published by Reichehedz. 
Mr. Floring, the professor of chemistry, who 
has studied at Frcyberg, has adopted the Eng- 
lish system of Dr. Thomson. Mineralogy is 
treated of in the course on chemistry. 1 con* 
fess it appears to me too important a part in 
the education of a miner, to be passed over 
thus slightly. 

The mineralogical collection, I must also 
observe, was very incomplete and carelessly 
armnged. In justice, however, to the professors, 
} must add that they had not beeA lon^^ at the 
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Academy^ and that they observed that the. 
collection had^ from time to time^ been stripped 
of its^ finest specimens for the embellishment 
of the cabinet at Vienna. Mr. Handstedn^ the 
professor of geology and minings who lately 
returned from a tour through Transylvania, 
shewed me some very fine specimens of nativei 
^old and of the ores of tellurium. 

Amongst those who have been professors at 
the Schemnitz Academy since its establish-^ 
ment^ the following have distinguished theni-^ 
pelves by their writings : — Mr. Delius on min-^ 
ittg; Scopoli an smelting; and Potzier o» 
ckemistry. The present professor Wilkins i^ 
said to be an excellent mathematician. 

On my passing through the Hartz mountains 
in the autumn of the year 1815, I found that 
since 1 was there in 1804, a person had been 
appointed to lecture on mineralogy at Claus*^ 
thel, which it was hoped would lead to aa 
establishnxent of a mining academy. 

In England, until the resolutions of the. 
Royal Geological Society of Cornwall, no 
attempt has been made to establish a mining 
academy. It may be said that our government 
is not so materially interested in the mineral 
productions of the country as those of the 
continent, where all metals belong to the state ;. 
^nd the sovereign, in granting permission ta 
seai'ch for them, reserves to himself the ap- 
pointment of the principal officers who have 
the direction of the mines and works, as like- 



At&demies of Fr^herg and Schemnitz^ 77 

■ 

^ise the purchase of all the ores obtained ; but 
it is not to be denied that the metals contribute 
largely to the prosperity and welfare of a state^ 
and it may be asserted with equal truths that 
in this respect the kingdom of Great Britain in 
general^ arid the county of Cornwall in par- 
ticular^ are, by the bounty of na|.ture, singularly 
favoured. 



IX. — On the Accidents iohich occur in the Mine^ 
of Comwaii, in consequence of the prema^ 
ture explosion of Gunpowder in blasting 
Rocks, and on the methods to be adapted fot 
preventing it, by the introduction of a Safeigf 
Bar^ and an instrument termed the Shijling 
Cartridge. 

Br JOHN AYRTON PARIS, M.D. f'.L.Sf. 

* 

BIEMBEB OF THE SOCIEtT^ 
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HERE is no ma^innf more erroneous thaii 
that which ascribes to mankind an innate love 
of novelty ; the history of almost eveiry art and 
invention affords a proof that the very contrary 
obtains, whilst at the same time it furnishes the 
no less important fact^ that in overcoming the 
powerful prepossessions of habit, and the ob- 
stinacy inseparable from routine, the influence 
of rank has not unfrequetitly proved more 
successful than the force of argument, and th^t 
the human mind, thus warped, has yielded tor 
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the impulse of fashion that compliiance Avhich 
it had denied to the claims of truth, and the 
solicitations of reason. Thus it was that Louis 
XV, by wearing a bunch of the flowers of the 
potatoe^ in the midst of his courts on a day of 
festivity, did more towards the eradication of 
the vulgar prejudices which then existed against 
the introduction of that valiiable root, than all 
the philosophers of Europe for more than two 
centuries. I relate this anecdote with a view 
to vindicate the propriety of an appeal to the 
nobility, and gentlemen of personal influence 
in the county, for their countenance and sup- 
port, or even of an application to his Royal 
Highness the Prince Regent, who has gracious^ 
ly condescended to become the patron of our 
Geological Society, for his recommendation 
of a plan which has no less an object than that 

of the PRESERVATION OF A LARGE AND VALUABLE 
PORTION OF THE COMMUNITY FROM SEVERE BODILY 
INJURIES, AND UNTIMELY DEATH, but which haS 

to contend with all the inveterate prejudices 
which exist against every innovation upon an 
established system, however erroneous it may 
be in principle, or dangerous in applica- 
tion. From what I have thus stated, the duty 
of the Royal Geological Society of Cornwall 
becomes apparent; and the efforts which it has 
made, and still continues to make, in order to 
facilitate the introduction of the safety in- 
struments, which form the subject of this 
jpapcrj must be regarded as no less appropriate 
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than laudable: for it may be truly said id 
have concentrated within itself all the rank^ 
taletit^ and science of the county. It is by the 
desire of the Council that this essay is print- 
ed ; and in stating to the public the grounds 
upon which such a resolution became! ex- 
pedient, I cannot conceal the fdcti that thef 
efforts of the Society have been treated by 
many Mine Agents with coolness, and by some^ 
even with hostility ; that the extent and fre^ 
quency of the calamity, arising from the acci-^ 
dental explosion of gunpowder have beeri 
denied ; and that lettei's addressed to me 
through the medium of one of the provincial 
newspapers, have called upon me to produce 
evidence in support of the truth of such an 
assertion. I have accepted the challenge, and 
I now produce such a catalogue of human woe 
as has been but rarely witnessed ; and which> 
whilst it must chill with horror the blckJd of 
every person who peruses it, Will, I trust, for* 
ever set at reist the question, and silence 
the voice which would contend against thcf 
necessity of some immediate and effectual 
remedy. In alluding to the singry letters ad-« 
dressed to me upon the subject, I am sure 
that I entertain no feehng of personal acrimony 
towards their authors, nor indeed can I see 
why the subject should awsiken ill humour> 
and much less excite invective, for it alone re- 
spects the public good, and the interests of 
humanity; but since neqcssity obliges me ta 
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Ueclare the opposition experienced from somd 
of the mine agents^ so candour^ on the othei' 
hand^ demands that I should acknowledge with 
gratitude the liberal assistance and co-opera-^ 
tion which has been received from others; 
whilst by all^ a sense of the utility of the 
sAFirrY BAR has been frankly acknowledged^i or 
unintentionally betrayed. 

The limits of this paper will not admit of a 
diffuse disquisitioii upon the nature and theory 
of the different processes employed for blasting 
rocks with gunpowder; the injuries howerer 
which arise from themi ^'Ud the methods \yf 
which the operation may be disarmed of its 
dangers^ tnust form a subject of general as 
wdl as local interest^ since rocks are rent in 
every part of the globe^ either for the purpose 
of preparing the suHace of the earth for the 
cultivation of its fruits^ or for that of pene^ 
trating its interior for the discovery of \\A 
treasures^ I have therefore thought it expedient 
to offer a popular account of the operation of 
blastings as it is performed in the county of* 
Cornwall^ in order that the measures of safetyi 
which we are so anxious to introduce, may be 
generally understood^ and their value mord 
fairly appreciated; 

The first part >of the operatioti consists iti 
boring a Cylindrical hole^ about an inch in 
diameter, and two or more fe^ in depths as 
drcumstances may require ; this is effected by 
tneans of an iron instrument^ resembling a 
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blunt ^' cold chisel" which is held by one 
miner/who shifts it gradually round after every 
blow which it receives from a mallet directed 
by another^ the abrasion of the rock being at 
the same time facilitated by the occasional 
affusion of water. When the hole has beert thus 
effected^ it is '^ swabbed out" by a staff,, the 
ends of which are beaten open, somewhat like 
a br ulsh ; it is then ready for the reception of 
a <diarge of gunpowder ; but Uie awkward and 
slovenly manner in which this is introduced^ 
constitutes one of the most imperfect parts of 
the operation. The gunpowder is poured from 
a common flask,, its quantity being only esti- 
mated by guess, so that the requisite propor- 
tion is generally exceeded, and not unfrequently 
to such a degree as to fill the hole. This excess 
is gradually removed by dipping a wet reed, or 
perhaps the swabbing ^tick into the powder, 
and then shaking off the grains which are thus 
made to adhere to it. But we have yet to 
recount an inconvenience and loss of still 
greater magnitude. Suppose the hole, instead 
of being perpendicular, should be horizontal, 
or more or less inclined, when it is technically 
termed a ^^ back hole ;" in such a case the 
miner usually prepares upon the spot, a car- 
tridge of paper, cementing together its edges 
with the tallow of his gandle. In this frail 
machine he encloses the gunpowder, and then 
with his imn neele, or bar, pushes it to the ex* 
t remit y of the hole ; it is scarcely necessary 
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to add that the cartridge is rarely deposited 
without the loss of some, and frequently the 
whole of its contents ; indeed some miners are 
so well a^ware of this difficulty ^nd waste, that> 
rather than intrust the powder in a cartridge^ 
they deliver it in small quantities at a time> 
with an iron rod having a concave surface, 
resembling in some degree the shape of a 
marrow spoon. But here again another diffi- 
culty occurs, for by such means the powder 
instead of being conveyed to the extremity of 
the hole, is of necessity, scattered in a train 
along its sides ; to remedy this, the miner has 
recourse to a most hazardous and frightful ex- 
pedient, that of thrusting forward the uncovered 
powder with his iron tamper ! After the gun- 
powder has been deposited, clay, or sometimes 
oakum, is pressed down upon it. A communi- 
cation must then .be secured through the matter 
which is immediately to be rammed over it^ 
and this is effected by one of two methods^ viz. 
by ^^ driving the neele/* (a corruption, I pre- 
sume, of the word needle), which is an iron 
skewer about two feet long, having a large 
eye resembling that of a needle, as represented 
in plate III, fig. IV ; or by introducing into 
the charge a cylinder composed of quills^ 
and filled with bruised gunpowder tightly 
rammed together. One of these arrangements 
having been adopted, the operation of tamping 
next proceeds, which is that of ramming down 
a quantity ofkillasj pieces of common brick^ or 

F 2 
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the frag^tlcnts of any stone which may be at 
hand^ with an iron rammer^ called a '^ tamper" 
or '' tamping bar." A solid arch* is thus formed 
over the charge, which is capable of offering a 
most powerful resistance X6 the explosion of 
the elastic fluids which a^e generated by its 
combustion, f After the tamping is finished, 
the neele is withdrawn, by introducing the bar 
into its eye, and then striking it upwards with 
a hammer ; the cavity thus left, and which 

* The injAtietice of pressure ia converting angular fra^i 
ihents into solid masses has been curiously illustrated by A 
process lately practised in France, which is that of converts 
ing moistened rubbish into building stone by two or three 
stroke^ from a stamping engine. 

Birkbeck's Tour through France. 

4 ft has beeh a problem to discover a method by which the 
necessity of tamping might be rendered unnecessary. In 
blasting boulders^ or insulated masses of rock, the pouring in 
of dry sand upon the charge without any tamping, is suffi<» 
dent ; the Italians blast the Alps in this manner, and the! 
same method is sit ^res^t practised trith effect, at Saint lyes^ 
for the purpose of obtaining stones for the formation of a 
breakwater : I faaye, however, been informed by some \n* 
telligent miners that in hard and solid ground, this is not 
sufficient, and that in '^ back koles^^ it is quite fnadmissible ; 
I ought, however, to observe, that since the publication of 
the Report of the Geological Society upon this subject, Mr. 
f eague, of Treskerby Mine^ has suggested the practice of 
driving a plug into the hole, and he states that it has been 
attended with success. — It sometimes happens that without 
any compression upon the powder, its combustion will heave 
its burthen. The explanation which Mr. Oke Millet lias given 
of this circumstance appeals to be correct, ^^th^ air which 
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forms a direct communication with the charge, 
i» filled with gunpowder, and a hollow rush or 
reed, containing powder also, is then inserted, 
and kindled, or in case of quills having been 
employed, their contents are ignited by the 
contact of a snuff of a candle. By such means 
a sufficient interval elapses for the escape of 
the miners, before the fire reaches the charge^ 
when the rock is burst asunder. Such is the 
succession of the different stages of this process; 
provided all goes on well ; but too frequently, 
an unexpected explosion takes place during 
. the operation, when the unhappy miner is 
either killed on the spot, deprived of sight, or 
»o mangled as to remain a helpless object of 
misery for the rest of his days ; whilst his wife 
and children, and perhaps an aged parent 
dependant upon him, are driven in a state of 
destitution, to the hard necessity of seeking 
from charity that pittance ^l}icU honest in- 
dustry can no longer supply. 

In investigating the causes from which such 
a catastrophe m^y ari^^, ' it is evident that the 
concurrence of two circumstances is indis^ 
pensf^ble ; the production of fire> and its trans-. 

is disengaged from powder acts more powerfully on the sides, 
of holes than on the ends, because more surface of rock is 
exposed to its action ; thus the tamp is not blown out, with* 
out the separation pf the rock : that part of a mortar which 
contains th^ powder, forms the segment of an oral, by which 
cpntriyance, the air, that is se% free from the powder^ acts in' 
the most powerful manner,!' 
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mission to the mass of gunpowder iat the bot- 
tom of the hole : this consideration naturally 
suggests the following arrangement. 

I. — Causes which may elicit Fire. 

1. The collision of the iron tamping bar 
with siliceous or sparry matter^* or with mun^ 
die, &c. 

2. The attrition of the different substances 
which compose the tamp with each other. 

3. Driving the iron neele with such violence 
ps to strike fire against the bottom of the hole. 

4. The friction occasioned by the extraction 
of the iron neele, 

5. The vibration and concussion of the ex- 
tremity of the iron neele, principally during the 
tamping of the second layer of rubbishy before 
it has acquired steadiness and support from the 
filling up of the hole, 

II.— -Ca2/5e5 which occasion a communication with the 
charge of Gunpowder^ and thereby expose it to 
accidental ignitioif. - • - 

6. The careless manner in which the powder 
is scattered about the collar of the hole^ or left 
to adhere to its sides. 

^ Spar is synonimous with quartz in the Tocabulary of the 
Cornish miner, Mundic is iron or arsenical pyrites^ which 
strikes fire with amazing facility^ and is generally employe^ 
for that purpose by the miner in preference to quartz. Pliny 
mentions this application of pyrites Terj particulaily'. ThC 
term seems t« be deriyed from this quality. 
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7/' The accidental fracture of the cylinder 
of quills^ from the abrasion of the iron tamper^ 
or the escape of gunpowder from some one of 
itsjoints.* 

8. The forcing up a quantity of powder from 
the body of the charge^ by carelessly ramming 
down too hard and improper rubbish imme- 
diately over the clay. 

There is also another fertile source of acci- 
dental explosion which ought to be noticed, 
although it has no connexion with any of the 
above causes^ it being solely dependent upon 
fool-hardiness induced by a desire to save a 
small quantity of gunpowder^ as the following 
statement given me by an experienced miner 
will evince ; when a hole from any mischance 
does not explode, it is necessary to remove its 
contents in order to recharge it, and this is 
effected with an iron scraper, when, in order 
to avoid spoiling the powder, the miner fre- 
quently omits the important precaution of first 
pouring into it a quantity of water, which 
would effectually obviate every possibility of 
an accident. 

As the principal causes of accidental explo' 
sion thus dispose themselves under two heads, ♦ 

* I would here observe that suoh aa occurrence is by no 
means rare, the very operation of tamping^ by compressing 
and diminishing the diameter of the quills, necessarily opens 
the joint immediately above such pressure ; for obvious 
reasons; this will first occur during tlie second layer of tamp** 
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^o will the measures of safety which are to bei 
adopted for their prevention^ viz; — The intra^ 
ductwn of tools which will not strike firey and 
the invention of an instrument which will deliver 
fL charge of gunpowder without loss, 

J. — The introdueHon of Took which wilinot strike fire. 

The necessity of introducing some safety 
BAR^ instead of the fatal tamper in common 
use, was first suggested to me by my friend 
$ir Rose Price, more than three years since, 
his attention having been directed to the sub- 
ject by the occurrence of several terrible acci* 
dents upon one of his farms, in blasting the 
boulders of granite which impeded the progress 
of its cultivation : — he at that time succeeded 
in procuring a metallic bar which would not 
strike fire, although its too great malleability 
prevented its introduction into general use; 
at this period, the Geological Society was 
established, and it was reserved for its members 
to give a general and public impulse to the 
investigation which Sir Rose Price had so 
humanely suggested j their activity, as might 
b^ expected, soon awakened a kindred energ^y 
in many of the more liberal and intelligent 
agents, whose zeal upon this occasion cannot 
be too highly appreciated, but they will receive 
from tlje approbation of their own hearts a 
more satisfactory and solid recompence than 
from any eulogium which it is in my power to 
]?estq^. At the suggestion of John WiUiainsj, 
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jEsq. to whom I had sent several bars for trial, 
and who reported tjiat '^ they bent^ and were 
unable to stand the work,'' the extr<3mity of 
the tamper was merely shod with an alloy. 
Mr. Ghenhalls of St. Just^ at the same time^ had 
a number constructed upon a similar plan, 
wliich he introduced into all the mines over 
which he had influence^ or control, and the 
principle appeared to answer- it was, how^ 
pver, necessary to ascertain t]ie exact propor- 
tion of copper and tin, which would produce 
the best possible alloy for the purpose; to 
discover this I made some experiments, and 
submitted to Mr. Chenlialls different specimens 
for trial, and I learn from him that the onq 
which answers best is a composition of 86 parts 
of popper, s,nd \^ of tin.* The safety bar 
thus constructed is presented in the plate, fig, 
III, the alloyed end (6), if injured, can easily 
be replaced for a few pence, the cost of the ba;^ 
is Is. 6d. that of the common tamper Is, 
. The SAFETY BAR has been in general use fo^»- 
more thai^ twelve months in most of the minesi[ 
in the w estem part of the county, and in addi- 
tion to the evidence already published in the '^ 
last Annual Report qf the Geplogiqal Society, 

-^ ^w ' S . • i. 

"* ' ■* # 

♦ To those who manpfapture the safety bar, I beg to 
suggest that they will do well to keep the metals lu fusion for 
some time, and constantly stirred, otherwise the greater part 
of the copper will sink to the bottom, and that«of the tin rise 
to the surface, and in consequence there will be found ^W€t 
^iffercut alloys, possessing very different properties. 
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I have the satisfaction to add the following 
respectable and gratifying testimony of its 
efficacy. 

" Wcj the undersigned Mine Agents^ have great 
pleasure in bearing teslimoni/ to the security afforded 
by the introduction of the safety bar, recommended 
by the Royal Geological Society of Cornwall^ against 
those terribly explosions so frequently attendant upon 
the use of the iron tampers, and that they are quite 
unobjectionable in their application, and have been the 
only ones used in the different mines of which we are 
respectively the agents; viz* in Botallack for 15 
months^ in Bosworlas Moor /or the same period, in 
Ding Ho^g for ten months, in Park Noweth j^r 
14 months, in Little Bounds for J5 months, and 
in HuEL OhDS for 13 months.'* Dated 30th Decern^ 
ber, 1816. 



Signed, 



NICHOLAS GRENFELL, Botallack. 
THOMAS OATS, Bosworla^ Moor. 
N. WHITE, Ding Dong. 
JOHN CLEMENS, Park Noweth: 
JAMES NICHOLAS, Little Bounds, 
RICHARD BOYENS, Hud Olds. 



fo John Ayjiton Pahis, M. D. &c. 
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" We^ the undersignedy Surgeons of the prin- 
cipal mines in the parish of St, Just in Pcnwilhj do 
hereby certify^ that since the general introduction of 
the SAFETY BAR into the mines of that district ^ no acci^ 
dent has occurred from the premature explosion of 
gunpowder in blasting rocks, and that such accidents 
did frequently happen when the common iron tamping 
bar was in use,^ Penzance, 27th December, 1816. 

Signed, WILLIAM BERRYMAN, 

EDWARD COLLINS GIDD^ 

To Dr. Paris. 



It is necessary to state that the neele is never 
used in the mines just alluded to, the fuze 
being constantly made by quills^ and that there- 
fore they have not been exposed to the 3rd, 4th, 
and 5th causes of explosion. 

The IRON NEELE is an instrument no less 
dangerous in its operation than the iron tamper, 
indeed it appears from the 5th cause of ex- 
plosion, that during the act of tamping with a 
SAFETY BAR, an accidcut is liable to take place 
if the iron neele be employed. In some of the 
greater mines, a copper neele has been for some 
time in use. Lord Dunstanville, the active 
and munificent patron of every thing which 
tends to promote the interest of 4;he county, 
and the ^welfare of its population, has, upon 
this occasion, exerted his influence with conr 
siderable effect, 
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The neele is rqjresented in the plata by fig, 
IV. its eye (ab) may be composed of iron, as 
eopper is too ductile for that purpose ; its body 
and point should be copper^ combined wit^ 
Itbout a twelfth part of tin. 

JL— 5P7ie introduction of an instrument which zcill 
deliver ^n%f charge of Gunpowder without loss. 

From what has been already stated with re-t 
ppect to the awkward manner of charging 
)koIes with gunpow^der, the necessity of some 
(&xpe(]itious^ ecoRomical, and s^e method of 
eflfecting it, is sufficiently apparent. The instru- 
ment which I ?im about to describe and recom- 
mend, completely meets such an intention, and 
will not only obviate several causes of acpi^ 
deptal explosion, but will economize one.fijfth 
of all of the gunpowder consumed in the ope- 
ration of blasting, and thus save to the mining 
interest of Coniwull a sum exceeding six thou^ 
tand pounds annually ! To those who have 
not considered the subject, such an estimate 
may appear chimerical, but I am fully prepared 
to shew that it is a fair approximation ; it ia 
well known that the cost of gunpowder used in 
alt the mines of Cornwall, amounts to more than 
THIRTY THOUSAND pouNjDs a year, and I woul(| 
ask any agent acquainted with the slovenly 
manner in which it is applied, (taking of course 
the average of the loss in the charges of per-. 
p^ldi<^ular and inclined holes) whether on^ 



Dr. Paris on the Safety Baf. 9$ 

^(th of it^ af leasts is nof entirely wasted ?— » 
The idea of delivering gunpowder at the hot* 
torn of a hole by means of an instrument 
capable of adapting its capacity to any given 
quantity which might be requif^ed for a chai^Ci 
suggested itself to Mr« Chenhalls (whose name 
I have before mentioned) more than fifteen 
years ago, but no attempt to convert it to a 
.practical purpose was made, until the Geolo- 
gical Society entered upon the present inves- 
tigation ; Mr. Chenhalls then sent me an in-' 
fitrument, which, after some additions, and 
farther improvements, is that which I am about 
to describe, and to which the name of shifting 
tARTRiDGE has bccu givcu. Flgures I and 11. 
of plate 3, represent a view and section of this 
instrument : it consists of a copper cylinder 
(flfi) two feet in length, and one inch in di-* 
ameter, containing a moveable rod (e) which 
is graduated in inches, and has affixed to its 
extretftity a leaden plug (rf), the cap (g) is 
made to take ofFi in order^ at any time, to 
allow the removal of the rod for cleaning the 
interior. — Manner of using it — Dmw out the 
rod as many inches as you require it to deliver 
of gunpowder, then invert the instrument, fill 
it^ and place a piede of moistened clay upon 
the mouth of the cylinder ; it is now to be in- 
serted into the hole, when, by pi'essing down 
the sliding i*od, the whole charge is immediate- 
ly delivered in a mass without any loss; before 
the instrument is withdrawn, the rod shouki 
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be rammed down smartly several times upon 
the mass of gunpowder. 

In charging '' back holes'' the only dif- 
ference which it is necessary to observe in its 
application is^ that the clay should be stuck 
upon the end of the plug (rf) previous to the 
introduction of the powder into the cylinder. 
When quills are used for a fuze in preference 
to the neele^ it will be found advantageous to 
affix in the cylinder a snmll tube for their recep- 
tion^ as represented in the plate, by fig. II (ef) 
by which contrivance they may be inserted into 
the centre, instead of upon the surface of the 
charge, the result of which is a more instan- 
taneous and consequently a more certain and 
effective combustion:* thus, suppose the in- 
strument is to carry a charge of four inchefs, 
the rod should, in such a case, be pressed down 
only two inches before the insertion of the 
quills, and the remaining two after it. 

Having thus communicated in detail, the 
results of an enquiry into the causes of acci- 
dental explosion, and described the methods 
by which so dreadful a calamity may be avert- 
ed, I may be allowed to hope that I have per- 
formed a service of some importance to the 
county of Cornwall ; at all events, I feel that 
under the circumstances which I have stated^ 
I could not have shrunk from the performance 

* It is the application of the same principle that gives 
ivperiority to Muutou's well known patent breech* 
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df such a task^ without forfeiting every claim 
to the character^ which^ of all others, I am 
most ambitious to sustain ; that of a diligent 
and humane |feysician, whose duty it is to 
prevent as well as cure the diseases and acci- 
dents to which those around him are more 
immediately exposed, and by his influence and 
counsel to correct the habits, and remove tibie 
prejudices which are most active in producing 
theiri. Let this be received as my reply to 
those who have censured me for interferin«^ in 
the concerns of an art. of which I must be 
entirely- ignorant ; and if I have ventured to 
descend into the dark regions of the earth, and 
have presumed to enquire into the occupation 
of the intrepid beings who labour in its caverns, 
it was not without a claim upon the support of 
a protecting Sibyl, whilst to those perturbed 
spirits who might oppose my adventure, I was 
prepared to present this essay as the '' Donum 
Fatalis ViRGiE,'* whieh should at once appease 
the fury of their indignation. 

^H ere followed a tabular view of nincli/'eight cases 
if accident ; the consequences of a large proportion of 
which wercy disability or death,'] 



POSTSCRIPT. 
As more than twelve months have elapsed siiice 
this paperw as read before the Society, and, by a Reso- 
lution of the Council, circulated amongst the mine 
agents in the county, it becomes my duty to state in 
this publication, that the Safety Bar has continued 
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in use in the western mines above enumerated, aii^ 
that no accident has occurred since its introduction* 
To what extent it has been ddopted in the eastern Ah^ 
tricts ofthe county I ant noi able /^ state, as I no 
longer reside iii Cornwall, biit I inmilge a hope thai 
the ^^ iron iLge is* pslssing away,'' and that the next 
Volume of this work will announce its findl departure; 
As an historical document of interest dnd import- 
ance, as a gratifying testimony td the humanity which 
has ever characterized Cornish Gentlemen, and as a 
powerful authority in support of the cause I have so 
zealously advocated, I feel it my duty to place upon 
record, in this volume, the following Resolution of 
the Grand jury of the Cotinty of Cot-nwall, assembled 
at the last Lent Assizes — Dated, '^ Grand Jury 
Chamber, Launceston, March 28, 1817." ^^ Mr. 
Justice Abbot having, in his charge, directed the attend 
tion of the Grand Jury to the numerous accidents which 
occur in the mines ofCornwallyfrom the present methods 
of blasting rocks with gunpowder, and he having re* 
f erred to an essay written by Dr. Paris, describing 
Insteume^i's o^ SafeIty,' the success of t£>hich, in 
preventing accidental explosion, has been satisfactorily 
proved by the testimony contained in the printed Re^ 
ports of the Council of the Royal Geological Society of 
Cornwall ; We, the Grand Jury of the County 
6f Cornwall^ assembled at the Lent Assizts, at the 
town of Lsaunceston, feel it to be oUr duty strongly td 
recommend the speedy and general introduction of thd 
said " Safety Instruments," to all agents of mines 
in the said county, and to request the Clergy, Magis-^ 
trates, and Gentlemen, to give every possible publicity 
to this Resolution^ throughout their respective dis^ 
iriets.'' 

(Signed) 

REGXJ^ALD pole CAI^l^W^Foremof^r 



SAFKTirlKSTliaiMENTS. 



l-if 



rig:IV.A 



^ Dn. Paris on the Safely Bar. 

in use in the western mines above enumerate'd, aH^ 
that no accident has occurred since its introduction^ 
To what extent it has been ddopted in the eastern dis-^ 
trlcts ofthe county I ant noi able /^ state, as I no 
longer reside iii Cornwall, biit I inmilge a hope thai 
the ^^ iron dge is* psissing away,'' and that the next 
tolume of this work will announce its findl departure. 
As an historical docuinent of interest dnd import^ 
ance, as a gratifying testimony td the humanity which 
has ever characterized Cornish Gentlemen, and as a 
powerful authority in support of the cause I have so 
zealously advocated, I feel it my duty to place upon 
record, in this volume, the following Resolution of 
the Grand jury of the Cotinty of Cot-mVall, assembled 
at the last Lent Assizes — Dated, ^< Grand Jury 
Chamber, Launceston, March 28, 1817," " 3/r. 
Justice Abbot haoing^ in his charge, directed the attend 
tion of the Grand Jury to the numerous accidents which 
occur in the mines ofCornwallyfrom the present methods 
of blasting rocks with gunpowder^ and he having re* 
f erred to an essay written by Dr. Paris, describitig 
Insteumeki's o^ SafUty,* the success of which, in 
preventing accidental explosion, has been satisfactoriljf 
proved by the testimony contained in the printed Re^ 
ports of the Council of the Royal Geological Society of 
Cornwall ; We, the Grand Jury of the County 
6f Cornwall^ assembled at the Lent Assizts, at the 
town of Lsaunceston, feel it to be oUr duty strongly td 
recommend the speedy and general introduttion of tht 
said " Safety Instruments/' to all agents ofminet 
in the said county, and to request the Clergy, MagiS'^ 
trates, and Gentlemen, to give every possible publicity' 
to this Resolution^ throughout their respective dis^ 
iriets.'' 

(Signed) 

REGU^ALD pole CA&l^WyFeremafer 
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X. — On Elvan Courses, 



By JOSEPH CARNE, Esq, 

H EMBB9 OW THE BOPmtY, 



X HE ^ener^l and indefinite meaning at- 
tacbed to the principal names given by the 
miners to the stones of most frequent occur- 
reni^e in tbe Cornish mines^ has been often 
observed and regretted by mineralogists who 
Jiave visited Cornwall. For instance-^^|)ar 
mefiois not only calcareous spar^ and IJuor spar> 
but quartz. Peach is either chlorite^ or mica^ 
if the latter has 9 tinge of green. Flucan is 
either a yrhite, or a greenish clay, no matter of 
vrhat kind. Growan is decomposing granite^ 
sienite, or eyen porphyry. Cochle^ is either 
schorl^ or bornblende, Killas is proper grau^ 
wacke, or argillaceous shistus, or sli^te. The 
indefinite use of this term occasioned, not long 
since, a p9.per, war between two eminent 
Scotch mineralogists, botli of whom were right 
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in their application of the term^ but incorrect 
in supposing it to apply to one substance only. 
Of the word capel, it is almost impossible to 
give a definition^ as it refers rather to situation 
tlian to substance. . 

The term elvan shares the fate of those 
already mentioned. It is .a stone which fre- 
quently occurs in the mines of Cornwall ; but 
so various in its appearance and composition, 
as well as in its relative situation^ and more 
particularly in its apparent effects on metallic 
veins or lodes, that whilst in some mines it is 
regarded as an ill omen, it is hailed in others as 
the harbinger of riches. 

Elvan occurs in Cornwall in inclined strata, 
which are scarcely horizontal enough to be 
called beds, and yet this is the only name which 
can strictly be applied to them. The miners 
call them channels^ or courses; and by the 
latter of these terms I shall hereafter describe 
them. Most of the quarry-stone used in build- ' 
hig is procured from the top of these courses. 

As far as they have been discovered, the 
elvnn courses have the same inclination as the 
adjoining rocks^ and are undoubtedly of the 
same primary formation : for thejre appear no 
marks of a more recent formation^ in the rocks 
.above the elvan, than in those below it. The 
U)des also are found to pass through the elvan, 
in the same manner as through the killas or the 
granite. 

Elvan courses have been most frequently 
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found in killas: this^ however/ is no proof 
that they do not as often occur in granite; 
but the most productive lodes being in killas^ 
greater search has been made there, and, in 
consequence, more elvan courses have been 
discovered. 

They have an east and west direction, of they 
vary but little from those points. They gene- 
rally underlie rapidly towards the north ; much 
more so than the lodes, which are therefore 
frequently found to intersect tlie elvan coui'ses 
in depth. The point, however, of the greatest 
importance to us as miners, is, to ascertain the 
modes in which lodes are affected by coming 
in contact with elvan courses. These are va- 
rious. 

^ In the first place — the lode passes through 
the elvan as through the killas, without any 
apparent alteration ; as in the Weeth Copper 
Mine in Gwinear, where the elvan course is 
twenty-four feet wide, and inclines or underlies 
nortli, four feet and a half in every fathom. 
The lode enters the elvan without being dis- 
turbed, and continues in sizei quality, and hard- 
ness, just the same as in the killas. This elvan 
is homstone porphyry with quurtz. 

* 2ndly. The lode, on entering the elvan^ 
becomes suddenly impoverished, and lessened 
in size ; or, as the miners term it, wrung toge- 
ther. This is the case in Rosewall-hill tin mine 
in Lelant; where, in a granite country, an 
elvan course has lately been discovered 150 
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fothome under the surface. Its width has not 
been ascertained. It underlies north-east^ about 
ten feet to a fathom in depth. The lode^ which, 
had previously been eighteen inches wide^ and 
rich in tin^ quickly dwindled to four inches^ and 
contained very little tin ; and even that was of 
E quality much inferior to what it yielded when 
In the granite. The elvan here appears to be 
a close-grained granite^ with hornblende and 
chlorite : very different from the granite of the 
country^ which is of a very large grain^ 

3rdly. The lode^ on entering the elvauj is 
divided^ and becomes much harder than before. 
In Huel Ann copper mine^ in PhiUack> the 
lode^ which was presumed to be the same as 
that of Huel Alfred, presented, whilst in the 
killa^, such favorable appearances, fs to make 
the ad venturers confident of possessing a second 
Huel Alfred. On its entering the elvan, how-* 
ever, thdr expectations were entirely blasted. 
The lode was divided into three parts, and 
became so hard as to oblige the adventurers^ 
after an ineffectual struggle, to relinquish their 
pur^Vtit. The width of this elvan was never 
ascertained. It consists principally of v^y 
compact chlorite. 

4Uily. Instances are not unfrequent where 
the lode, on entering the elvan, not only be- 
comes smaller and less rich, but the elvan. 
becomes mixed with the lode. This is the 
case in Crenver, Huel Abraham, and Huel 
Samh, three adjoining copper mines in Cro wan* 
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Ih these mmes^ &e elYan course varies m width 
from one to three fathoms^ and underlies in 
some parts six, and in others even eighteen feet 
to a fathom in depth, towards the north-west« 
Its bearing is* north-east and south-west. The 
lode, which is about two feet and a half wide^ 
btors east and west, and underlies south, two 
feet in every fathom . However rich it may have 
been in the killas, it becomes small, poor, and 
often divided into small branches, in the elvan ; 
and the elvan appears to be one of the com- 

_____ I 

ponent parts of the lode. This elvan is a 
mixture of quartz and mica, and, in some parts, 
of chlorite. 

5thly. In other instances the contrary effects 
are seen. The lode, on entering the elvan, 
increases not only in size, but in goodness. 
Huel Alfred topper mine in Phillack, furnishes 
a remarkable instance of this kind. The elvan 
course here is fifty fathoms wide ; it bears 
north-east and south-west, and underlies north- 
west six feet in every fathom. The lode, which 
tmderlies north only two feet, produced some 
ore whilst in the Icillas ; but on entering the 
elvan it became much richer, and increasing in 
goodness as in depth, it at length yielded ore 
sufficient to give the adventurers a profit of 
/one hundred and forty thousand pounds. Its 
width in the killas was from six to nine feet, 
but in the elvan it gradually increased to 
twenty-four feet. At the depth of 120 fathoms 
it left the elvan and re-entered the killas; 
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in use in the western mines above enumerate'd, add^ 
that no accident has occurred since its introduction^ 
To what extent it has been adopted in the eastern dis** 
tricts of the county I ant noi able f^ state, as I no 
longer reside iii Cornwall, btit I indulge a hope thai 
the ^^ iron dge is* passing away," and that the next 
Volume of this work will announce its findl departure; 
As an historical document of interest dnd import- 
ance, as a gratifying testimony td the humanity which 
has ever characterized Cornish Gentlemen, and as a 
powerful authority in support of the cause I have so 
zealdusly advocated, I feel it my duty to place upon 
record, in this volume, the following Resolution of 
the Grand jury of the Cocinfy of Cornwall, assembled 
at the last Lent Assizes— Dated, ** Grand Jury 
Chamber, Launceston, March 28, 1817." " A/r, 
Justice Abbot homings in his charge, directed the attend 
tion of the Grand Jury to the numerous accidents which 
occur in the mints ofCornwallyfrom the present methods 
of blasting rocks with gunpowder^ and he having re* 
f erred to an essay written by Dr. Paris , describing 
iNSTBUMENts ol^ SafUty,* the success of tiohichy in 
preventing accidental e±ploSionj has been satisfactorily 
proved by the testimony contained in the printed Re^ 
ports of the Council of the Royal Geological Society of 
Cornwall ; We, the Grand Jury of the County 
top Cornwall^ assembled at the Lent Assizts, at the 
town of Launceston, feel it to be oUr duty strongly id 
recommend the speedy arid general introduction of tht 
said ** Safety Instruments," to all agents of mines 
in the said county, and to request the Clergy, Magis-^ 
trates, and Gentlemen, to give every possible publicity 
to this Resolutions^ throughout their respective dis^ 
Mets.'' 

(Signed) 

REGIJ^ALD POLE CAUfiWy fbrma;^v 
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X. — On Elvan Courses, 



By JOSEPH CARNE, Esq, 

H EMBBB op TUB SOPY^TT, 



X HE general and indefinite meaning ati^ 
tached to the principial names given by the 
miners to the stones of most frequent occur- 
rence in the Cornish mines^ has been often 
observed and regretted by inineralogists who ^ 
)iave visited Cornwall. For instance-^ji;par 
mi^ins not only calcareous spar^ and f)uor spar> 
but quartz. Peach is either chlorite^ or mica^ 
if the latter has ^ tinge of green, Flucan is 
either a white^ or a greenish clay^ no matter of 
vrfaat kind, Growan is decomposing granite^ 
sienite^ or eyen porphyry. Cockles is either 
schorl^ or bornblende^. Killas is proper grau* 
wacke^ or argillaceous shistus, or slQ,te, The 
indefinite use pf this term occasioned^ not long 
since» a paper, war between two eminent 
Scotch mineralogists^ botlj of whom were right 
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• 
in their application of the term^ but incorrect 

in supposing it to apply to one substance only. 

Of the word capel, it is almost impossible to 

give a definition^ as it refers rather to situation 

tlian to substance. ^ 

The term elvan shares the fate of those 
already mentioned. It is .a stone which fre- 
quently occurs in the mines of Cornwall ; but 
so various in its appearance and composition, 
as well as in its relative situation, and more 
particularly in its apparent effects on metallic 
veins or lodes, that whilst in some mines it is 
regarded as an ill omen, it is hailed in others as 
the harbinger of riches. 

Elvan occurs in Cornwall in inclined strata, 
which are scarcely horizontal enough to be 
called beds, and yet this is the only name which 
can strictly be applied to them. The miners 
call them channels^ or courses; and by the 
latter of these terms I shall hereafter describe 
(hem. Most of the quarry-stone used in build- ' 
mg is procured from the top of these courses. 

As far as they have been discovered, the 
elvnn courses have the same inclination as the 
adjoining rocks^ and are undoubtedly of the 
same primary formation : for thejre appear no 
marks of a more recent formation' in the rocks 
above the elvan, than in those below it. The 
lodes also are found to pass through the elvan^ 
ill the same manner as through the killas or the 
granite. 

Elvan courses have been most frequently 
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found in killas: this^ however/ is no proof 
that they do not as often occur in granite; 
but the most productive lodes being in killas^ 
greater search has been made there^ and, in. 
consequence, more elvan courses have been 
discovered. 

They have an east and west direction, of they 
vary but little from those points. They gene- 
rally underlie rapidly towards the north ; much 
more so than the lodes, which are therefore 
frequently found to intersect the elvan courses 
in depth. The point, however, of the greatest 
importance to us as miners, is, to ascertain the 
modes in which lodes are affected by coming 
in contact with elvan courses. These are va- 
rious. 

, In the first place — the lode passes through 
the elvan as through the killas, without any 
apparent alteration ; as in the Weeth Copper 
Mine in Gwinear, where the elvan course is 
twenty-four feet wide, and inclines or underlies 
nortli, four feet and a half in every fathom. 
The lode enters the elvan without being dis- 
turbed, and continues in sizei quality, and hard- 
ness, just the same as in the killas. This elvan 
is homstone porphyry with quartz. 

" 2ndly. The lode, on entering the elvan^ 
becomes suddenly impoverished, and lessened 
in size ; or, as the miners term it, wrung toge- 
ther. This is the case in Rosewall-hill tin mine 
in Lelant; where, in a granite country, an 
elvan course lias lately been discovered 150 
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fothome under the surface. Its width has not 
been ascertained. It underlies north-east^ about 
ten feet to a fathom in depth. The lode^ which, 
had previously been eighteen inches widej and 
rich in tin^ quickly dwindled to four inches^ and 
contained very little tin ; and even that was of 
E quality much inferior to what it yielded when 
in the granite. The elvan here appears to be 
a close-grained granite^ , vnth hornblende and 
chlorite : very different from the granite of the 
country^ which is of a very large grain^ 

Srdly. The lode^ on entering the elvan> is 
divided^ and becomes much harder than before. 
In Huel Ann copper mine> in PhiUack^ the 
lode^ which was presumed to be tb^ same as 
that of Huel Alfred, presented, whilst in the 
killa^, such favorable appearances, fs to make 
the ad venturers confident of possessing a second 
Huel Alfred. On its entering the elvan> how-* 
ever, thdr expectations were entirely blasted. 
The lode was divided into three parts, and 
became so hard as to oblige the adventurers^ 
after an ineffectual struggle, to relinquish their 
puj^v^it. The width of this elvan was never 
ascertained. It consists principally of very 
compact chlorite. 

A^\y. Instances are not unfrequent where 
the lode, on entering the elvan, not only be- 
comes smaller and less rich, but the elvan. 
becomes mixed with the. lode. This is the 
case in Crenver, Huel Abraham, and Huel 
Sarah, three adjoining copper mines in Crowan, 
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Ih these mmes^ &e elYan course varies in width 
from one to three fathoms^ and underlies in 
some parts six, and in others even eighteen feet 
to a fathom in depth, towards the north-west« 
Its bearing is* north-east and south-west. The 
lode, which is about two feet and a half wide, 
bears east and west, and underlies south, two 
feet in every fathom. However rich it may have 
been in the killas, it becomes small, poor, and 
often divided into small branches, in the elvan ; 
and the elvan appears to be one of the com- 
ponent parts of the lode. This elvan is a 
mixture of quartz and mica, and, in some parts, 
of chlorite. 

5thly. In other instances the contrary effects 
ftfe seen. The lode, on entering the elvan, 
increases not only in size> but in goodness. 
Huel Alfred copper mine in Kiillack, furnishes 
a remarkable instance of this kind. The elvan 
course here is fifty fathoms wide ; it bears 
north-east and south-west, and underlies north- 
west six feet in every fathom. The lode, which 
tmderlies north only two feet, produced some 
ore whilst in the Icillas ; but on entering the 
elvan it became much richer, and increasing in 
goodness as in depth, it at length yielded ore 
sufficient to give the adventurers a profit of 
^ne hundred and forty thousand pounds. Its 
width in the killas was from six to nine (eet, 
but in the elvan it gradually increased to 
twenty-four feet. At the depth of 120 fathoms 
it left the elvan and re-entered the killas; 
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and from thence it ^adually difnioished in size; 
until at the depth of 150 fathoms it was only 
ten feet wide. It declined also in goodness as 
soon as it left the elvan. After pursuing it a 
little deeper^, its poverty obliged the adven-^ 
turers to abandon the concern. Near the surr 
face^ this elvan appears rather granitic^ but in 
the deeper parts it is decidedly hornstone por- 
phyry, 

6thly. In some mines^ the lode, on entering 
the elvan, becomes not only larger and better^ 
but sends forth small branches which penetrate 
th^ elyan on both sides. In the eastern part 
of Huel Vor tin mine, in the parish of Breage> 
there are two elvan - courses, The northern 
course, which is the largest, is twenty feet wide, 
bears north-east and south-west, and underlies 
north nine feet to a fathom ia depth. The lode 
which underlies north only a foot and a half, 
was productive in the killas, but much more so 
in the elvan. In the former, it was two feet 
>\ ide> but in the latter it increased to five feet, 
and in some parts branched through the elvan 
in such a n^anner as to inqpregnate the whole 
of it with tin, and to induce the workmen to 
take it away even for twenty feet in breadtli. 
The lode is still in the elyan. Near the sur- 
face, this elvan appears to consist of decom- 
posed felspar and quartz. A little deeper, 
hornstone appears. In. the deepest part of the 
south elvan, tlie liornstone is compact, and 
in jsqrpe instauQcsi slaty. Th^ latter^ U i^ 
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supposed^ has not been found in any other part 
of Cornwall. This elvan course has been traced 
on the surface five miles, from Tolmenor in 
Breagc to Porkellts in Wendron. 

7thly. An instance occurs in West Huel 
Fortune copper mine in Lud^an, where^ in 
some parts the lode becomes larger and better^ ^ 
and continues entire in the eiran ; and in other 
parts of the same elvan^ it is divided into minute 
branches^ called by the miners strings, which 
are still so rich, as to be nearly as valuable as 
thelode^ where it is undivided. Thiselvan^' 
although decomposed in the higher parts^ is^ 
in the deepest levels homstone porphyry. 

Lastly. In Chacewater tin and copper mine 
in Kenwyn^ there are at the sur&cc, two elvan 
courses a Httle distant from each other. From 
their colour^ one is called the white, and the 
otiier the black elvan. At thejdepth of about 
sixty fathoms they unite, and continue in union 
as deep as they have been seen. The course 
fbrmed by this union is about six fathoms wide. 
Underlies five feet and half to a fathom in depths 
and bears about 20^ north of east and south of 
west. This elvan course, without being at all 
intersected by, or united to^ a lode, is (uU of 
small veins of copper ore, which cross it at 
angles of nearly 45^. Before the union of the 
two courses, both of them were crossed by 
these small veins; but after the union the 
elvan became softer^ and the ore richer. That 
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ihbs^ ridh branches can proceed from ndordt-' 
nary copper lode,^ appears from the dipping o( 
the elVan towards the east^ where it is coni-> 
ptetely covered by killas^ whereas a lode would 
have continued through the kiUas; as wMl as 
through the elvan. 

In the midsil of this elvan course^ are often 
discovered small unconnected beds> called by 
the miners floors^ of red elvan^ quite distinct 
from the otheri but still intersected by the 
copper veins. This is an instaqce of a sin- 
gular kind ; and by fitvour of Mr. Samuel 
Moyle, I have procured specimens of the dif-- 
ferent sorts of elvan^ crossed by the veins of 
copper. The white appears to. be decomposied 
f-v felspa and rquartz : the blacky homstone^ with 
qiiartz and chlorite : and the red^ hornstone^ 
]^rhaps as fine as Cornwall can produce* 

Had there been sufficient time for enquiry^ 
Inany other mines might be> and perhaps still 
tnay be adduced^ in which the appearances of 
the elvan courses would corroborate and illus*^ 
trate the circumstances already mentioned. 

It is presumed^ however^ that these instances 
comprize nearly all the different modes in 
which lodes appear to be affected by elvan 
courses ; except^ perhaps^ in a few minute and 
unimportant particulars.^ 

I have purposely said nothing of elVan 
courses which have no known connexion with 
metallic vdns. It may, however, be stated in 
general that, particularly in a killas country^ 
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wherever there is a qtiarry, of which the stone 
differs from the killas^ there is dertainly an 
elran course; and by way of specimen, the 
surface of one may be seen for some length, at 
low water, just at the back of Penzance pier. 

Prom the whole we may easily perceive the 
difficulty^ not to say the impossibility, of form- 
ing any theory of universal application to elvan 
courses as connected with lodes. 

Should a theory hinge on the courses being 
tnore or less horizontal or vertical, it is over- 
thrown by a comparison of those of Huel Vor 
and Rosewall-hill. In both the inclination is 
great, and towards the same point ; yet in one 
case the lode becomes richer, whilst in the other 
it is almost wholly unproductive. 

If a theory turn on the consideration whether 
the elvan course underlies towards the same 
point as the lode, or towards the opposite point ; 
this is settled by comparing the courses of 
Rosewall-hill and Crenver. In the former, the 
elvan course and the lode both underlie towards 
the north. In Crenver the elvan underlies north, 
and the lode south, whilst the lodes in both are 
equally poor. 

Should the different component parts of the 
elvan courses be made the cause of the different 
circumstances of the lodes, let the Huel Alfred 
elvan be compared with that of Crenver : they 
nearly resemble each other : and yet in the for- 
mer the lode was immensely rich^ whilst in the 
latter it was good for nothing. 
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Gratifying^ therefare, as it would be to sci* 
entificmen to discover some general law appli- 
cable to the apparent effects of elvan courses 
on lodes^ these are^ and perhaps will long 
continue to be, subjects in which the experience 
and the practical knowledge of the miner are 
his only guides ; and these he has in fact, in 
this as in many other cases, found far superior 
to the best merely theoretic rule which could 
possibly b^ established. 



XI, — Notes on the Limestone Rocks in the 

Parish of Veryan. 

Br S, J. TRIST, Esq. 

MEMBER OF THS SOCIETT, 



Wi:th an appendix by the Rev. J. ROGERS, 

MEMBEB OP THE SOCIETT* 



X HE limestone of Veryan occurs on the coast 
at Pendower beach^ and may thence be traced 
for one mile and half inland^ and is visible at 
the surface in three different places^ nearly 
fit the equal distances^ but at different eleva- 
tions ; the most inland being probably a hun- 
dred and twenty or thirty feet above tlie 
level of the sea. In each instance^ it crops 
out at the brow of a hill^ as is attempted to 
be shewn in the section, (pi. 4), but it no 
wh^re appears in the vale below; whence it 
should seem originally to have stretched across 
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the Talleys, but to have been subsequently 
carried away, together with the accompanying 
matter, by diluvian action. 

In breadth, it extends over si superficies of 
SbO yards> but alternates to a great d^ree 
lirith an argillaceous schist, the lime itself 
nerer exceeding three feet in thickness, and 
that only in the upper beds of the stratum : it 
amounts altogettier scarcely to one*eighth of 
the whole mass. 

It 'rises at an angle of S3> but varies from 
that to above 40 ; the dip is E. by S. It ap- 
pears to rest on the primitive districts of the 
west. The bearing of the three hills in which 
the limestone is found, is north by east^ and 
the strata of limestone^ unlike most other rocks 
of the neighbourhood^ has a conformable posi- 
tion with the formation on which it reposes, as 
represented by the section. 

According to the analysis of this liine^ as 
given in Mr. Worgan*s " Agricultural View of 
Cornwall," on the authority of the Rev. Mr^ 
Gregor, a good specimen yields about nine- 
fenths of carbonate of lime, the component 
parts being 89^ grains of pure limestone, 10 
silex mixed with manganese, and f of a grain 
of oxide of iron. 

A ton weight of the stone will produce in 
quantity nearly twenty single Winchester 
bushels in shells, ot fore-right lime; to calcine 
which are required four bushels and a half of 
culm. A comparative scale of the produce 
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of the Plymouth and Yeryan limestoDe^ I 
have collected from the publication above al- 
luded to. 



PLYMOUTH LIME. 

Tons of stone, 14^^) u flOOdou- 

Single Win- 
chester bush* 
-eU of culm 56 



I jble W. 
s i bushels 
a. ^of shells. 



VERYAN LIME. 

Tons of stone* H*) » TIOO ^9m^ 
Single Win- f a J ^le W. 
Chester bush- t'S 'i bushels 
els of culm 46 I a f of sheUs. 



That is to say^ the same quantity of shells is 
produced from 1 1 tons of the Veryan stone^ as 
from 14^ of the Plymouth stoue, and with teit 
bushels less of culm. 

As a cement^ its quality is remarkably good^ 
occasioned^ it is thought, by the presence of the 
two latter ingredients given in tlie analysis. 
For manure it is also much valued. Where, 
however, it has been tried comparatively ia 
this respect with the Plymouth stone, there 
does not appear to be any difference in their 
produce.* 

We have reason to believe it to be of transi*^ 
tion origin. Mr. Buckland identifies it with ^, 
lime formation found at an elevation of two 
miles higher in the Pyrenees. No organic 
remains have been found in it, except in the 
instance of a patella, which the quarry-men 
declared they discovered in the body of the 
rocky and so nicely was it fitted to it as to make 
it appear to be coeval with the rock itself. It 
was afterwards discovered, however, to have 
been found in a vein of mAnganese. 



* See ^ Worgan's AgricuUural Sarrey,' page 129. 
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Small spherical masses of oxide of iron occur 
in great abundance. They are, in the opinion 
of Mr. Gregor, pyrites in a state of partial 
decomposition^ the sulphur having escaped^ 
and the oxide of iron alone remaining. 

This limestone was first discovered in 1796 
on the lands of the Rev. Mr. Trist, and was 
quarried by him for purposes of manure and 
masonry, till within the last few years, ' when 
the produce ceased to pay the expense of 
raising it. 

The colour of the rock is a deep blue, and 
it is frequently traversed by veins of calcareous 
spar. Care has been taken to furnish the So- 
ciety with specimens. 

Specimens have also been sent of the rocks 
which rest immediately on the lime ; likewise of 
those which alternate with it, and of those on 
which it rests (see section, pi. 4.) In the schist 
which immediately reposes on the lime, mica 
appears in considerable abundance. A circum- 
stance in the neighbourhood is worthy of notice. 
A number of vast insulated blocks of quartz 
rock may be traced on it, bearing along the 
coast for three miles eastward, and lying irre* 
gularly scattered, but in an uniform line, not 
exceeding half a mile in breadth. In one part, 
called the Carnes, near Pendover beach, scat- 
tered masses assume an imposing and fearful 
appearance \ so that the common people, always 
impressed with the belief of miraculous agency. 
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where they themselves can assign no adequate 
cause^ attribute them to the work of gianU t 
They are wholly insulated^ and stand separate 
from their substratum^ which appears to have 
nothing of tlie same nature in it 

Whether they are the wreck of a formation, 
the softer parts of which have been worn away, 
A circumstance highly improbable ; or whether 
they were conveyed thither from some distant 
district, and from what district, and by what 
mighty operation, are questions that baffle con- 
jecture. They do not seem to have any re- 
semblance or connexion with the rocks of our 
primitive hills, so as to authorize the belief of 
their having been detached from thence in 
earlier periods of the world, and their lying 
occasionally piled horizontally one above the 
other would speak to the same effect, whilst 
their confusion seems to indicate them not to 
be the remnant of a stratum no longer existing. 
These rocks consist of a coarse quartz of a white 
or greyish colour, occasionally approaching to 
a light blue, aiHl are of considerable hardness.* 

The slate which alternates with the lime- 
stone is strongly impregnated with lime. It is 
of a soft crumbling nature, decomposing upon 
exposure, and in that state is much esteemed 
as a manure. As has been before said, it con- 



» An extensWc farm traversed by this singular range, is 
called Careghoscy or « The While Rock." 
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stitutes about seven -eights of the whole mass 
wherein the lime is found. 

The floor on which the lime rests^ is an 
argillaceous schist^ with veins of manganese. 
In this ground a mine has been wrought within 
the last two years^ and manganese of good qua- 
lity^ and in promising abundance^ has been 
found ; but of late the work has not been car-^ 
ried on. 

As far as the lime and this formation of man* 
ganese extend along the beach, there is found 
on it a flat sti'atum of sand and pebbles.--* . 
This stratum appears occasionally in the state 
of a black sandstone of the depth of two feet ; 
sometimes as a conglomerate of saud, peb* 
bles^ &c. amounting to more than ten feet 
in thickness. Upon it rests the clifl^ a mass of 
an argillaceous friable earthy apparently an 
alluvial deposit. How far under the cliff this^ 
sand formation extends^ there are no immediate 
means of ascertaining^ but it would appear to 
have been thrown up by the sea^ previously to 
the lodgment of the incumbent matter^ and to 
have been subsequently cemented^ probably by 
the presence .of manganese in the neighbour^ . 
hood. 

It is a circumstance worthy of remark^ that 
its appearance abruptly and entirely ceases 
with the lime on the east, and extends no fur- 
ther than the manganese on the west. 

About half a mile further on the west, in the , 
parishes ofTilley andGerrans, lime again, rises 
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to th6 surface in two distinct^ but not consider-^ 
able formations^ of a coarser grain than the 
Veryan lime, and with different altemati<>n8> 
though in other respects bearing much the same 
character. It rises on the coast, but has not 
being traced inland. 

About three miles eastward also^ at Pol^ 
grane^ in the parish of Caerhayes^ lime appears 
under precisely the same circumstances as 
the Veryan lime, though separated from it by 
a high and extensive ridge of land that juts 
into the sea, of which the main rock is grey- 
wacke. Oh a slight examination, this lime 
formation appeared to be identical with that 
in Veryan, the intervening land being an in« 
eumbent mass of subsequent origin^ 
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Obienatiom on the Limestone of Veiyan and 
the neighbouring parishes. 

Bt the rev. JOHN ROGERS, 

MBMVBft ^9 TUB tMtBtT* 



j^ PAPER on the limestone of the parish of 
Veryan was presented last year to the Cornwall, 
Geological Society^ by Mr. Samuel Trist. — 
Since that time I have examined most of the 
places at which it occurs^ and beg leave to 
present to the Society some specimens of the 
limestone, and of the slate with which it is ac- 
companied; together with a few remarks, ju 
addition to those already made by Mr. Trist. 

The furthest point to the west at which I 
observed the limestone, is below Cargurret 
north-east of Creek Stephen, in the parish of 
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Gerrana, where I found it dipping east by 
«outh^ at an angle of about 40 degrees. This 
lime^ as will be seen by the specimen/ <iontain8 
small scales of mica/ and in this respect differa, 
from that of Caerhayes and Very an. v Going 
towards the east, it next occurs on the right 
side of the road leading from Pendower beach 
to Gwendra ; and again on the right side of 
the road from Pendower beach to Carne, an4 
from Criddlewell on Pendower beach, to one 
h^mdred yards beyond the eastern extremity of 
the beach* In all these places, as well as ill 
the rock behind the new school neenr thel 
church, the veins of limestone dip about souths 
east, at an angle of between 35 and 45 degrees, 
excepting at the place where it is seen for the 
last time, about one hundred yards east of 
Pendower beach, and where the dip is east 
by north, at an angle of about 40 degrees.-^ 
H^e the limestone is bounded by clay-slate 
and greywacke, and by tiie immense boulders 
6f quarts, mentioned by Mr. Samuel Tristin his 
observations. 

The furthest point to the north at whidi tfad 
Umestone is found, is at Polconta. it may bd 
seen there on each side of Fisher's-lane, in 
veins about twelve or thirteen inches thick^ 
dipping east south-east, at an angle of 45^ and 
passing from thence down the valley to the 
sea ; it is found again at Badger's-hole, dipping 
E. S. E. at an angle of 60 degrees : but it has 
not been seen west of the rivulet. I am told 

H.2 
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it has also been ifbund at Caregloose, m the 
parish of Vieryan, but t had not an opportu- 
nity of examining that spot. 

Limestone exactly resembling that of Veryan 
is also found at Polgrean^ in the parish of Caer- 
hayes^ and at several places on each side of the 
road leading from thence to Portholland. It is 
found in veins from one to four feet wide^ dip^ 
ping E. S. E. at an angle of'WT. 

On the right hand going to Portholland^ 
about a quarter of a mile from theuce^ is a large 
mass of greywacke rocks. 

Having no instrument with me to measure 
the dip of the limestone at the several places at 
which it occurs^ I have stated it as nearly as I 
could judge by the eye. 

In conclusion^ I have to observe^ that lime<* 
stone .occurs also at the following places :-^ 
In the parish of South Petherwin^ limestone 
was raised about half a century ago^ and has 
been much used in the neighbourhood of 
Launceston. (See Worgan's Survey of Corn- 
wall.) This limestone is found half a mile 
north-east of the church. Limestone has been 
found in a quarry at Tredinick, a mile below 
Trengoft* on the banks of the Worlegan river ; 
at Newport, near Launceston; in Tregarla 
slate-quarry, in the parish of Menhiniot; in 
the parish of Crantock, between Trcvemper 
and the Gunnel, and likewise at Padstow. 
I am informed that it hat also been found 
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on an estate belonging to Sir Christopber 
Hawkins, near the Lizard. Furthei* inquiries 
will probably discorer other places where this 
valuable mineral is to be found ; a subject no 
less interesting to the landholder and to the 
farmer^ than to the geologist. 



XII, — dn the Discovery of Silver 'in the Mikes 
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^Tfae beginning of this Paper was occupied bj a history of 
Silver Mines in different parts of the iforld, the pablica- 
tion of which is deferred. [] 
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J^ILVER extracted (rom lead has been long 
known in Cornwall, Carew^ in his Survey, 
saySj ^' Neither hath nature denied silver to 
Cornwall, and if we may believe our chroniclers 
reports, who ground themselves upon authentic 
records. King Edward 1st, and Edward Hid, 
reaped some 'good benefit thereof/'* This 
account is echoed both by Norden and Borlase. 
That the silver here mentioned was extracted 

♦ ♦ Survey;, page 7, 
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from had, may be presumed from the cireism*- 
stance of miners having been brought from. 
Derbyshire into Cornwall in the reign of Edward 
First, to work the silver mines.* Now tfaei 
Derbyshire miners were conversant with lead 
mines only> and would have been no bettw 
than the Cornish for other minei»« 

Small quantities of lead ore, rich in silver, 
have, from time immemorial, been found in tii6 
tin and copper mines, generally in the cross, or 
north and south lodes ; but the quantity hem^. 
too ^nall to pay the expense of extfaoting tiM 
silver, it has usually been sold as lead ore. 

Some mines near Helston, amongst which 
were probably Huel Pool, wd Huel Rose^ 
were wrought for lead upwards c^ two hundrad 
and fifty years ago, and the pjroduce was aoM 
merely as lead ore. About eighty years Bgo, 
they yielded tolerable profit to the advejiture^. 

About 179D, Huel Pool was again set a| 
work, and produced lead ore which yieldf^ 
from thirty to forty ounces of silver per ton, 
in sufficient quantity to induce the proprietor? 
to erect smelting and testing works for the ex- 
traction of the silver ; but the expense WM 
so great as to absoii> tlie principal part of the 
prolit which was actually gained by working 
the mine. A few ye^xs therefore termipated 
this adventure. 

Huel Rose was wrought jnearjy at the same 
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time. Its lead ore yielded sixty ouncei^ of 
lilver per ton ; but the quantity not being' 
sufficient to pay the expense, this concern was 
soon abandpnedn The silver was extr^ed 
from its ore at the works of Huel Pool. 

Dr. Woodward* mentions lead ore, very rich 
in silver^ found at a mine called Guarneck^ 
near Truro^ probably that which is now called 
the Garres. This mine was wrought about 
1720^ when some of its lead produced one 
hundred ounces of silver per ton. In 1814 it 
was a^ain set at work, s^nd continued about two 
"years. During this period it produced eight 
hundred tons of silver lead ore, containing thir- 
teen parts in twenty of lead, and the lead 
yielding seventy ou nces of silver per ton . The 
direction of the lode is N. N E. and S. S. W* 
Its width is from two to six feet It is heaved 
twice by two slides. The ore richest in silver 
was found between, and adjoining to, these 
slides, at the depth of about seventy fathoms 
from the surface. The silver was extractedl on 
the mine. 

These are the only modem instances in 
which silver has been extracted from lead in 
GomwalL The silver lead ore found in other 
mines, after being properly dressed, has gene- 
rally been sold to Bristol merchants. 

llie Bishop of Llandaff, in one of his essays, 
asserts, in substance, that there is no silver 

* Vol. ft, page 29. 
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produced in Great Britain^ but what is Ex- 
tracted from lead.^ This assertion, at the time 
when he made it, was probably correct. Silver 
<Mre and native silver have^ however^, since been 
discovered in Cornwall in many instances, mr 
dependent of lead. 

The first discovery of this kind was made 
about 1788> in a mine in the parish of Perran 
Zabuloe, which was, in consequence, dignified 
with the mune of Huel Mexico. This was in 
9. north and south lode, which produced some 
lead rich in silver ; and some fibrous native 
silver was found in the gossan. The advent 
turers, however, soon learned that a humbler 
name would have been more suitable to their 
mine, as the silver, which was first discovered 
iri the adit, continued a very little way under it 

The next instance occurred in the Heriand 
mine, in the parish of Gwinear, A particular 
account of this discovery, by the Rev. M. 
Hitchins, was inserted in the transactions of 
the Royal Society for 1801. The silver wa« 
found in a cross course, or north and south 
lode, and was richest near the point where this 
lode intersected the copper lode, particularly 
where the latter was rich in copper ore. It 
was discovered in the 90, and continued to the 
120 fathoms level. Its extent in leug*th was 
nowhere above forty-five feet, but it gradually 
|)ecame poorer as its distance from the copper 
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lode inciMMedL The ore conmted chiefly of 
ipitreoas silrer ore, anseokated gilver ore, and 
hiaek oxyd of silyer. Some of the hitter, 
called by the miners goase-dung ore, eontained 
-^V' upwards of 50 per cent. o€ silver. The speci- 
mens of fibrous and capillary native silver havo 
fvdly been excelled. The amount of the 
Silver produced in this mine wa» about j£8000. 
A part of the ore was sm^ted and tested oa 
Ae mine, but the cost being considerable^ 
and, perhaps, the proper process not being* 
■ocuvateiy known, the principal part was soU 
in Bristol. The mifners had a Very simple me* 
thod of assaying this core. They first calcined 
it over a kitchen fire, they then placed the 
calcined ore, with an equal weight of red lead, 
in a stout iron ladle, and melted it in a smith's 
fcrge. The alloy from this melting they after- 
wards tested. 

In Dolcoath, in 1810, some grey silver pre 
intimately united to cobalt ore, together with 
a little native silver, were found in the sixty 
fiithoms level in the copper lode, very near a 
small <^oss course. 

The next discovery oi sSver ore was made 
in 1812, in Huel Duchy, near CaUington, in a 
h>de inclining to the north-east and south-west, 
and from one to three feet wide, in which the 
adventurers were searching for copper. In the 
adit, silver ore was found in detached lumps, 
with small bunches of native silver. In the 
ten fathoms level, there was a r^;ular course 
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«^ silver ore, accompanied by naiive silver, 
^r oearly three fathoms in length, yiel^n^ 
above £^00 worth- per fathom. This was ito 
richest part. In the twenty fathoms ie^et, 
some native silver, and bunches of silver cure 
Here found, hut the lode had here declined in 
value. In the next deeper level the silver was 
exhausted.. The ore consisted chiefly of red 
and grey silver and black oxyd of silver. — 
The value of the silver produced was abmit 
£•3000. 

Silver has been found in very small quantitjF 
in some other mines. 

In Huel Alfred, in 1813, some native silver 
was founds appearing as if plated on the cop« 
per ore ; but in so small a quantity as not to 
be worthy of notice on any oilier occasion. 

In 1813 also, silver was discovered in Huel 
Basset in lUogan, in a cross course. The 
copper lode hcfre has an east and west direc- 
tion, and at the twenty*eight fiitiioms level, 
(pr thirty-eight fathoms from the surfa^), is 
twd^feet and a half wide, and very prodoctiver 
of ydilow copper ore. The cross course is 
about four inches wide^ bears south-east and 
north-west, and iatersects the cof^r lode 
without heaving it. The silver ore was found 
io the cross course, at and near the point of 
intersection; and although very rich whifet 
crossing the lode, it gradually declined in value 
as it left the lode^ and at the distance of six 
feet oil each side^ it almort wholly dssappeared. 
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A specimen of the ore from this mme wiU shevir 
fliat^ although accompanied by galena, it is a' 
distinct grey silver ore ; and^ ^hat is a little 
extraordinary^ the galena^ although so closely 
connected with rich silver ore, contains very 
little silv^. No native silver has been found 
IB Hnel Basset ; but some of the ore yielded 
six hundred ounces of silver per ton. 

Hud Anu^ in Phillack^ furnishes the next 
inrtance. in 18 14^ a small bunch of blackish 
grey silver ore, containing a great deal of 
arsenic and spathose iron, and accompanied by 
native silver^ was found in,the sixty-five fathoms 
levels in an east and west copper lode. In the 
sevaity-five fathoms level, the silver ore ap- 
peared in the midst of the copper lode, as a 
sq)arate lode^ from ' two to five inches wide, 
between distinct waBs of quartz. Some fine 
iqpecimens of fibroos native silver were found 
in thk level ; but these, as i^ell as the ore, 
fnroved c^ very short duration* 

The last instance in which silver bass been 
discovered in Cornwall, occurred in Wills* 
IMTOFthy mine^ (which, indeed, may be said to 
)>e rather on the border of Devon) in 181 5i» 
Tbe lode here is about twelve inches wide, 
bearing N.N.E. and S.S,.W. and underlies two 
feet and a half per &itbom to the south* In 
the ten fathoms level, a vein of white and 
aa aethy stiiie quartz divided the lode : between 
this vein of quartz and the lower, or nortliera 
wail of the lode, was foand a vein o£ rich 
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arsenical cobalt ore^ combined with native 
capillary silver, in a ferruginous matrix, from 
three to six inches wide. The space between 
ihe vein of quartz and the higher, or southern 
wall of the lode, was occupied by a vein of 
rich yellow copper ore, from six to nine inches 
wide. The silver continued about two fathoms 
in length. The copper w^as not so soon ex- 
hausted. The specimens of native silver from 
this mine have eclipsed all that have ever 
befoire been found in Cornwall, both in size 
and beauty. 

The mines of Cornwall in which silver has 
been found, have been, without exception, in 
killas or argillaceous schistus. 

The circumstances in which silver has been 

> 

generally discovered in Cornwall, should in- 
duce the miners to pay more attention to the 
component parts of cross courses, or north and 
south lodes, than they have been hitherto 
accustomed to bestow on them. The Herland 
mine, already mentioned, furnishes a case in 
proof of the utility of a stricter examination of 
these lodes. When the principal cross course 
%as discovered to be rich in silver, search 
was made in several others for this precious 
metal, and the result proved its existence in 
a neighbouring course, called, from its red- 
dish colour, the Rusty Cross Course. It would 
certainly be wise to subject the contents of 
every cross course which may be discovered 
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in pursuing an east and west, or copper lode, 
particularly of that part of it which imme- 
diately intersects the copper lode, to an assay 
fcMT silver, or even to a general analysis. The 
expense would be trifling. The result might 
be important' 
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XN the infancy of the art of minings crcry 
attempt which was made to pierce throogh 
the epidermis of this habitable globe^ must 
have been regarded with a sort of religious 
dreads which^ without doubt, had its influence 
in retarding the progress of miaing. 

These prejudices were not wholly laid aside 
wh^i the art had attained some degree of per- 
fection ; for Seneca and PHny are loud in their 
denunciations of the impiety of these pursuits.* 

The more common topic^ however^ of de-^ 
damatioa with these two philosophers, was 
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• '* Penequimtis omnes ejus fibras," says Pliny, 
** titimusque super excavatam, mirantes dehiscere aliquando 
tut intermiscere illam, ceu vero non hoc etiam iadiguatione 
•icwB parentis cxprimi possit." l. xxxiii. 
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the avarice which had tempted mankind to 
abandon the agricultuml pursuits of their fore^ 
fathers, and penetrate into the bowels of th« 
earth in search of the noble metals.* 

But the most eloquent example of this phi* 
losophical declamation, is to, be found in the 
works of Seneca. This writer is giving an 
instance of the great depth and extent of the 
Thracian mines before the age of Philip^ 
which affords him an occasion to rejoice that 
in former times, mankind were no less depraved 
than in his own.f 



♦ " Imus in viscera ejus," ejtclaims Pliny, " et in sedi 
uanium opes quaerimus, tanquam pariim benignd, fertilique, 
qnaqui secatur." Again, ^^ Mens, ad inane evolans reputet 
quae deind4 futnra sit finis secolis omnibus exhauriendi earn : 
quousqud penetratura ataritia." l. xxxjii. 

+ ^^ Illi quoquemajores nostri, quoscelebramus ]aadibu8| 
qutbus dissimiles querimur nos esse, spe ducti, montes 
caeciderunt, et supra lucrum sub ruina steterunt. Ante 
Philippum Macedonem reges fuere, qui pecuniam in altissi* 
mis usque latebris sequerentur, et relicto spiritn libero, in 
illos se dimitterent specus, in quos nullum noctium dierumqae 
penreniret discrimen, et a tergo lucem relinqueret. Qns 
tanta spes fuit? Quae tanta necessitas hominem ad sidera 
erectum incunraTit, et defodit, et in fundum telluris intimae 
■lersit, ut erueret aurum, non minore periculo quaerendumy 
quam possidendum ? Propter hoc cuniculos egit, et circa, 
proedam lutulentam incertamque raptayit, oblitus dierum, 
•blitus naturas melioris k qua se aTertit, Nulli ergo mortuo 
terra tarn gravis est, quam istis supra quos avaritia vurgent 
terrartm pondus injecit, quibus abstulit caelum, quos in imo^ 
ubi illud malum virus latitat, infcdit» Illo de^ceadere ausi 
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.^me of rny readers^ perhaps^ will feel Un- 
tuned to ask who this Stoical philosopher was^ 
lirho pronounces a long and animated invective 
against the pursuits of subterraneous ^vealth• 
He vms the richest man in the Roman empire, 
and so far from practising what he here pro*- 
fesses, was remarkable for the luxury and 
magnificence in which he lived; arid, in shorty 
for the value which he set upon all the good 
things of this world. Nor was Pliny, who was 
also a very w ealthy man, more disposed to re- 
nounce the luxuries of life, or the means pf 
acquiring them« 

. Setting aside the above awkward circum-^ 
Btdnces in the private life of these eminent 
philosophers, which, undoubtedly, have the 
effect of diminishing our respect for their doc- 
trine; let us figure to ourselves what would 
be their surprize and indignation, could they 
be permitted to view the audacious attempts 
that have been made in our days, to pursue 
the mineral daemon into the most hidden rC'* 
cesses of the earth, and to make the elements 
of fire and water subservient to our avarice. 

4 

And yet, unless we suppose them to belong 
to the class of infallible philosophers, how 
much would their surprize be heightened an'd 

sunt, ubi notam reriim positionem, terrararaque pendentiilm 
habitus, ventosque per ccecuirl iuane experirentur, etaquarum 
m illis^'flaehiium h6rrid6s fontes, et altam perpetuamqtfe 
Adetein* Detnde ckm ista fecerint, inferos metuunt. Nat. 
Qu«&t« L« r. cap. xr« 

1 
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Iheir indfj^nation lowered, when they pefcefved 
that all our mining operatidns were carried oA 
by free men and not by slaves, by voluntary, 
not by compulsatory labour. 

On a review of the improvements which 
have taken place in our machinery within the 
last forty years, I am inclined to think that 
the spirit of mining enterprize, to which they 
have imparted so much animation, will soon 
assume a character of still greater audacity. 
Perhaps when the veins are exhausted, which 
lie within the boundary of our sea-girt penin- 
sula, we shall turn our attention to those 
which extend in the same direction beneath 
the bed of the oceaii ; nor, when we consider 
the increasing depth of our mines, cati that 
period be very distant. Our submarine works 
will then form a new epoch in the history 
of mining, and by calling forth still greater 
exertions of skill and industry, demonstrate 
in a more striking manner, the powers of the 
human intellect. 

The attempts that have been made to rea- 
lize this project, shew that it is by no mean^ 
a chimerical one. There are some coal-mines 
at Whitehaven which have long been extended 
under the sea, and there is an instance. I 
believe, of a lode at Huel Cock, near the 
Lands-end, which was for some tirhe pursued 
in that direction, until the ore having been 
worked out too greedily in the roof of the miue^ 
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fea.rs were entertained that the 9ea would break 
throtigh and put an end to the operations. 

But by far the most remarkable enterpriie 
of this kind> was formed about thirty years ago^ 
by a poor man of the parish of Breage. It 
was an attempt^ not literally indeed, but in 
effect^ to sink a mine in the sea itself, and 
to carry on these operations^ surrounded by 
water* 

There is something so grand in the concep* 
tion of this undertaking, when the feeble means 
are considered, by which it was to be accom- / 
plished, that I hare long thought it entitled to I 
a very honourable place in the annals o{ \ 
Cornish mining. I shall therefore communis 
cate all the particulars of this singular mine^ 
which were collected by me when it was still 
open in the year 1791, and that the narrative 
may not want a classical interest, I shall prefix 
to it some account of whatever has been at-» 
tempted in this way by the Greeks and Ro- 
mans. 

I find only two examples in ancient history 
(and they are not very obvious to notice) of 
mines wrought in or under the bottom of the 
sea. One of these is mentioned by PausaniaSj 
who, speaking of the temple at Delphi, ob- 
serves, '** Near the votive offering of the Ta^ 
rentines, is tlie treasury of the Siphnians'^. It 
was built upon the following occasion. Their 
isle produced mines of gold. Apollo com*' 
manded them to dedicate a tenth part of their 

i2 



; T 



^ 



MS Jofcm Carnk^ JEff. an the Oi&eiwery 

lode ittcreafled. Tlie ore conssisted cbiefly of 
ntreoos mhrer ore, arsenkated silver ore, and 
black oxyd of silvw. Some of the latter^ 
called by the miDers goose-dung ore, contained 

-V' upwards of dO per cent, of silver. The speci-' 
mens of fibrous and capillary native silver have 
nrdy been excelled. Hie amount of the 
silver produced in this mine wa» about £8000. 
A part of the ore was smelted and tested on 
ibe mine, but the cost being considerable^ 
and, perhaps, the proper process not being 
aocuiately known, the principal part was s<^ 
in Bristol. The mmers had a Very simple me- 
thod of assaying this ore. They first calcined 
it over a kitchen fire, they then placed the 
calcined ore, with an equal weight of red lead, 
in a stout iron ladle, and melted it in a smith's 
£x^. The alloy from this melting they after* 
wanls tested. 

In Dolcoaih, in 1810, some grey silver ore 
httimately united to cobalt ore, together with 
a little native silver, were found in the sixty 
fiitboms level in the copper lode^ very near a 
small cros^ course. 

The next discovery of sfiver ore was made 
in 1812, in Hudi Dudiy, near Callington, in a 
k>de inclining to the north-east and south-west, 
and from one to three feet wide, in which the 
adventurers were searching for copper. In the 

•\ adit, silver ore was found in detached lumps^ 
with small bunches of native silver. In the 
ten fathoms level, there was a regular course 
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* 
af silver ore, accompanied by native mbmr, 
fpr {learly three fathoms in length, yielding 
above £)100 worth- per fathom. This was ito 
richest part. In the twenty fathoms letd; 
some native silver^ and bunches of silver ort 
were found, hut the lode had here declined in 
value. In the next deeper level the silver was 
exhausted.. The ore consisted chiefly of red 
and grey silver and black oxyd of silver. — 
The value of the silver produced was about 
£•3000. 

Silver has been found in very small quantity 
in some other mines. 

In Huel Alfred, iu 1813, some native silver 
was founds appearing as if plated on the cop^ 
per ore ,- but in so small a quantity as not to 
be worthy of notice on any oUier occasion. 

In 1813 also, silver was discovered in Huel 
Basset in lUogan, in a cross course. The 
Gc^per lode h(fre has an east and west direc- 
tion, and at the twenty*eigfat fiithoms lereip 
(pr thirty-eight fathoms from the surfa^), is 
two^ feet and a half wide, and very productive 
of ^ydilow cc^per ore. The cross course is 
about four inches wide, bears soutib-east and 
north-west, and intersects the copper lode 
without heaving it. The silver ore was found 
in the cross course, at and near the point of 
intersection; and although very rich whilst 
crossing the lode, it gradually decUned in vahie 
as it left the lode, and at the distance of six 
feet oil eadi side^ it almost wholly disappeared. 



f 



184 Joseph CAftvE, Esq. on the Disenveiy 

A Bpecimea of the ore from tbi& mme wtti shew^ 
ihat> although accompanied by galena, it is a' 
distinct grey silver ore ; and, ^hat is a little 
^traordinary^ the galena, although so closely 
connected with rich silver ore^ contains very 
litde silver. No native silver has been found 
in Hnel Basset ; but some of the ore yielded 
six hundred ounces of silver per ton. 

Hiiel Ann, in Philiack, furnishes the next 
instance, in 18i4> a smaU bunch of blackish 
grey silver ore, containing a great deal of 
arsenic and spathose iron, and accompanied by 
native silver, was found in. the sixty-five fathoms 
level, in an east and west copper lode. In the 
sevoity-five fotfaoms level, the silver ore ap- 
peared in the midst of the copper lode, as a 
s^arate lode^ from two to five inches wide^ 
lietween distinct waUs of quartz. Some fin^ 
Kpecimens of fibroos native silver were found 
in this level ; but these, as i^ell as^ the ore, 
proved c^ very short duration. 

The last instance in which silver bas^ been 
discovered in Cornwall, occurred in Wills- 
worthy laine, (which, indeed, may be said to 
|>e rather on the border of Devon) in 1815» 
The lode here is about twelve inches wide, 
bearing N.N.E. and S.S.W. and underlies two 
feet and a half per fotbom to the south. Ift 
the ten fathoms level, a vein of white and 
ainethystine quartz divided the lode : between 
this vein of quartz and the lower, or northern 
wall of the lode, was found a vein of rich 
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arsenical cobalt ore^ combined with native 
capillary »lver, in a ferruginous matrix^ from 
three to six inches wide. The space between 
the vein of quartz and the higher^ or southern 
wall of the lode, was occupied by a vein of 
rich yellow copper ore> from six to nine inches 
wide. The silver continued about two fiithoms 
in length. The copper was not so soon ex- 
hausted. The specimens of native silver from 
this mine have eclipsed all that have ever 
befoire been found in Cornwall^ both in size 
and beauty. 

The mines of Cornwall in which silver has 
been founds have been^ without exception^ in 
killas or argillaceous schistus. 

The circumstances in which silver has been 
generally discovered in Cornwall^ should in- 
duce the miners to pay more attention to the 
component parts of cross courses^ or north and 
south lodes^ than they have been hitherto 
accustomed to bestow on them. The Herland 
mine^ already mentioned^ furnishes a case in 
proof of the utility of a stricter examination of 
these lodes. When the principal cross course 
was discovered to be rich in silver, search 
was made in several others for this precious 
metal, and the result proved its existence in 
a neighbouring course, called, from its red- 
dish colour, the Rusty Cross Course. It would 
certainly be wise to subject the contents of 
every cross course which may be discovered 
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in pursuing an east and west^ or copper lode, 
particularly of that part of it which imme- 
diately intersects the copper lode, to an assay 
for silver, or even to a general analysis. The 
expense would be trifling. The result might 
be important' 
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some idea of the natural 'obstacles which he 
encountered. 

The distance of the shoal from the neifl:li* 
bouring befich at high water^ is about 1^ 
fathoms^ and this^ in consequence of the shdi* 
lowness of the beach^ is not materially lessened 
at low water. It is calculated thai the surface 
of tlie rock is covered about ten months in 
twelve^ and that the depth of water on it at 
spring tides is nineteen feet. The prevailing 
winds occasion a very great surf here even ia 
summer^ but in winter the sea bursts over the 
Tock in such a manner^ as to render all atr 
tempts to caiTy on minuig operations unavailT 

Such were the difficulties which a poor in^* 
dividual had to suimount^ whose whole ca|^ital 
perhaps lyas not ten pounds. As the work 
could be pvoseputed only during the short 
period of tiiqe when the rook appeared above 
water^ (a period which was still &rther abridged 
by the necessity of previously emptying the 
excavation)^ three summers were consumed in 
sinking the pump shafts a work of mere bodily 
labour. The use of machinery then beeame 
practicable^ and a frame of boards being ap- 
plied to the mouth of the shafts it was cemented 
to the rock by pitch and oakum, made water 
tight in the same way, and carried up to a 
sufficient height above the highest spring tide. 
To support this boarded turret^ which wa^^ 
twenty ^eet high above the rock^ and two feet 
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the avarice which had tempted mankind to 
abandon the agricultural pursuits of their fore- 
fathers^ and penetrate into the bowels of th« 
earth in search of the noble metals.* 

But the most eloquent example of this phi- 
losophical declamation^ is to be found in the 
works of Seneca. This writer is giving an 
instance of the great depth and extent of the 
Thracian mines before the age of Philip^ 
which affords him an occasion to rejoice that 
in former times^ mankind were no less depraved 
than in his own.f 



♦ ^^ Imus in viscera ejus,*' etclaims Pliny, ^^ et m 5ed# 
inanium opes quaerimus, tanquam parilm benign^ fertilique, 
quaqui secatur.'* Again, ^^ Mens ad inane eyolans reputei 
quae deind^ lutara sit finis secuHs omnibus exhauriendi earn : 
quousqu^ penetratura avaritia." l. xsxiix< 

+ ^^ Illi quoquemajores nostri,,quoscelebramus laudibusy 
quibus dissimiles querimar nos esse, spe ducti, monies 
ca&ciderunt, et supra lucrum sub ruina steterunt* Ante 
Philippum Macedonem reges fuere, qui pecuniam in altissi* 
mis usque latebris sequerentur, et relicto spiritu liberO, in 
illos se dimitterent specus, in quos nullum noctium dierumque 
perveniret discrimen, et a tergo lucem relinqueret. Quao 
tanta spes fuit? Quae tanta hecessitas hominem ad sidera 
•rectum incurvavit, et defodit, et in fundum telluris intimae 
nersit, ut erueret aurum, non minore periculo quaerendum, 
qaam possidendum ? Propter hoc cuniculos egit, et circa, 
proedam lutulentam incertamque raptayit, obiitus dierum, 
•blitus naturae melioris k qua se avertit. Nulli ergo mortuo 
terra tarn gravis est, quam istis supra quos avaritia nij^eiis 
terrardm pondus injecit, quibus abstulit caelum, quos in imOy 
ubi iilud malum virus latitat, infodit* Illo desceadere anal 
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Some of my readers^ perhaps; will feel <n* 
(clined to ask who this Stoical philosopher waSj 
ivho pronounces a long and animated invective 
against the pursuits of subterraneous wealth. 
He WAS tlie richest man in the Roman empire, 
and so far from practising what he here pro*- 
fesseSj was remarkable for the luxury and 
magnificence in which he lived; arid^ in shorty 
for the value which he set upon all the good 
things of this world. Nor was Pliny, who was 
also a very wealthy man, more disposed to re- 
nounce the luxuries of life, or the means pf 
acquiring them. 

. Setting aside the above awkward circum-* 
stdnces in the private life of these eminent 
philosophers, which, undoubtedly, hav^ the 
effect of diminishing our respect for their doc- 
trine; let us figure to ourselves what would 
be their surprize and indignation, could they 
be permitted to view the audacious attempts 
that have been made in our days, to pursue 
the mineral daemon into the most hidden re*" 
cessas of the earth, and to make the elements) 
of fire and water subservient to our avarice. 

And yet, unless we suppose them to belong 
to the class of infallible philosophers, how 
much would their surprize be heightened an'd 

sunt, iibi notam i-ertim positionem^ terraruraque p6ndentiam 
Lahitus^ ventosqus per caecum inane experirenturj etaquarutn 
in illis<*fluentium h6rrid6s fontes, et altam perpetuamqiie 
Hdcteni* Deitide c&m ista fecerint, inferos metuunt. Nat. 
Qu«st« h* r, cap. xt« 

t 
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their indf^nation lowered, when they perceived 
that all our mining operations were carried oft 
by free men and not by slaves^ by voluntary, 
not by compulsatory labour. 

On a review of the improvements which 
have taken place in our machinery within the 
last forty years^ I am inclined to think that 
the spirit of mining euterprize, to which they 
have imparted so much animation/ will soon 
assume a character of still greater audacity. 
Perhaps when the veins are exhausted, which 
He within the boundary, of our sea-girt penin- 
sula, we shall turn our attention to those 
which extend in the same direction beneath 
the bed of the oceari ; nor, when we consider 
the increasing depth of our mines, cati that 
period be very distant. Our submarine works 
will then form a new epoci in the history 
of minings and by calling forth still greater 
exertions of skill and industry, demonstrate 
in a more striking manner, the powers of the 
human intellect. 

The attempts that have been made to rea- 
lize this project, shew that it is by no meani^ 
a chimerical one. There are some coal-mines 
at Whitehaven which have long been extended 
under the sea, and there is an instance, I 
believe, of a lode at Huel Cock, near the 
Lands-end, which was for some tirhe pursued 
in that direction, until the ore having been 
worked out too greedily in the roof of the miae^ 
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fours were entertained that the 9ea would break 
IhroUgh and put an end to the operations. 

But by far the most remarkable enterprisse 
of this kind^ was formed about thirty years zjgo, 
by a poor man of the parish of Breage. It 
was an attempt^ not literally indeed, but in 
effect^ to sink a mine in the sea itself, and 
to carry on these operations^ surrounded by 
water* 

There is something so grand in the concep* 
tion of this undertaking, when the feeble means 
are considered, by which it was to be accom-* 
plished, that I hare long thought it entitled to 
a very honourable place in the annals of 
Cornish mining. I shall therefore communis 
cate all the particulars of this singular mine^ 
which were collected by me when it was still 
open in the year 1791, and that the narrative 
may not want a classical interest, I shall prefix 
to it some account of whatever has been at-» 
tempted in this way by the Greeks and Ro- 
mans. 

I find only two examples in ancient history 
(and they are not very obvious to notice) of 
mines wrought in or under the bottom of the 
sea. One of these is mentioned by Pausanias^ 
who, speaking of the temple at Delphi, ob- 
serves, '^ Near the votive offering of the Ta- 
rentines, is tlie treasury of the Siphnians. It 
was built upon the following occasion. Their 
isle produced mines of gold. Apollo com*^ 
manded them to dedicate a tenth part of their 

i2 
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produce to the temple at Delphi. Tiiey builC 
a treasury and remitted a tenth; but when 
through avarice they had ceased to do this^ 
the inundations of the sea destroyed the mine^ 
and caused them to disappear."* 

There is nothing in this story which may 
not be accounted for by natural causes. The 
mines were at first very productive : they were 
wrought by degrees to a greater depth and 
with less profit : at lengthy when the Siphnians 
were tempted to pursue the veins even under 
the sea^ that might very naturally happen, 
which is here related ; the sea broke through 
the weak partition^ and wholly put an end to, 
the operations of the miners.f 

Tournefort, who visited the island of Siphnos^? 

* PuOftIC, SITE LiB. X) tAl». ^t. 

f Saidas relates the same stoiy^ v. tifviot, We ire iiu 
formed by Herodotus, that ^iphoos abounded in Aines of 
^old and silver 16 such a degree^ that from a tenth of the 
revenue which was derived from them, the Siphnians dfTered 
a treasure at Delphi that might be compared with the richest 
.in the temple there, l. hi. cap. lvii. The period in which 
the mines of Siphnos were in this flourishing state was, ac<« 
cotding t6 the Chrdn6logy of Larcher, about 525 yeantf 
A* C. but they must haire been On the decline ndt lodg aCt^«' 
wards, for^flie Siphnians sent only one vessel of fifty oars ta 
the battle of Salamis ; and in the time of Demosthenes they, 
were become fully as insignificant as the inhabitants of any 
of the Cyclades, vide Demosth. Ui^t Ivrrat^toff quoted by 

Larcher. Strabo does not even notice the former existenci* 

• 

of these mines^ so ' completely Were they forgotten in tlie 
f ime of Augustus^ 
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in Uie year 1700, says, '' that the ore of lead 
abounds there, but as for the mines of gold 
and silver, the inhabitants scarcely knew where 
they were. In order to shew us, 'howevfet, 
what were principally considered as sudh, they 
conducted us to the sea ^ore, near a ruined 
chapel, called Aios Sosti, where we saw the 
entrance of the mine only, not being able to 
^proceed farther on account of the darkness^ 
and the difficulty of access/* 

The same views led me to visit the island of 
Siphnos in the year 1787, but the natives, who 
were justly apprehensive of the consequences 
of exciting the financial avarfce of the Porte^ 
contrived to oppose so many difficulties to my 
researches, as obliged me to relinquisl^ the 
attempt. 

A second instance of a submarine mine is 
mentioned (although indirectly, as well as the 
preceding), in those extracts from the works 
of Aristotle, which are known under the title of 

The same circumstance is repeated by ano- 
ther collector of the wonders of Nature, Anti- 

^vttf e^tS^ts "ms ^a^MO'^^s, Here the yxKMt lulkuii, /Snrnf is gene^ 
rally understood to mean copper which is collected by diving. 

The xfifXtias Mhjy>finr%s reminds us of the expressions sea- ^ /, 
coal) stream-tin, bary-salt. 
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gonus Carystius^ who^ however^, substitutes 
Delus for Demonesus ; a mistake which pro* 
bably arose from the celebrity of Delus for its 
works in brass* ^' Antiquissim^ a&ris glori% 
Deliaco fuit." Pun. l. 34. Both these com* 
pilations give us KM^x^ttm^ which^ according to 
the opinion of some eminent qritics^* ought to 
be x«^itii$es/«fi, the Chalcedonians on the Bos« 
pborus.f 

But all doubt is removed by the discovery 
of the vestiges of these mines on a small island 
near the shore of Chalcedon^ which still retains 
the name of Kalki. Gyllius mentions it in his 
yfoxk de Bosporo Thracio. J 



* Salmasins ad Solin. p. 137. Bbchart Can. 1. 26. lloU 
Stenius de Pinedo^ and Berkelius ad Stephanum, and others. 
Vide Becbmann'i edition of the two works. 

-f Hesychius is more correct and 'explicit on this subject 
^^ ^inyMrft9itts ^oXxor. $vo noil Vf^s itv. Hv^arrlv riaou xo/nv fjt^n 

% (< Verum ut clarins perspicia,|tar Demonesus eadem 
Insula esse, quae (Chalcitis, ut nunc sunt, ostendam Vestigia . 
metallorum et situm insulse, qu^ tribus yerticibus sen collibus 
i«tt(mesoit ; wm9 vergit ad A^uilouem, alter ad occasum/ 
tertiiis ad oriontem, {nsulse latus meridian^m est prascep? et 
aJMuptum in rupes, ej^cepto sinu^ admlttente r^ecssum maris 
portuosum, quoquoYersus pateptem paulb plus stadio, tutum 
ab omni Yonto^ excipio Austrum. Circa hunc sinum existuat 
Hggeres scrobium, pleni ruderibus cceruleis, rejectis ex effos<^ 
$ione aeris et chrysocolke, et caerulei, atque inter ipsa ruder4 
coUegi Qximinm qoeruleum et absolution chrjrsocoUam, Quodsi 
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I^ the. year 1794 I had an opportunily of 
visiting this sm^ll island^ which, although 
hillyj is no where more than twenty fathoms 
above 4he level of the sea. I found in the 
situation here described, prodigious heaps of 
mining rubbish, in every part of which the 
green and blue oxydes of copper were ob- 
servable. From the magnitude of these heaps, 
compared with the little elevation of the grouAd 
above the sea, it was evident that the greater 
part of the mining operations must have been 
carried on below the sea level, and as the 
rubbish lay close to the shore, it may fairly be 
presumed that the works were extended under 
the sea. As for the popular notion of the cop- 
per having been obtained by diving, that may 
have arisen from the actual discovery of some 
native copper towards the surface of the veins 
below water, a circumstance, which, in Corn- 
wall, would not be thought extraordinary.* . 

radum maris ibi effoderetor^ me dnbitaitio^e iayeairetar 
aurum iliud ab Aristotele laudatum* Aggeres scrohium 
8uat in radicibus vallis supra sinum jam diotum eminentU 
et secantis insulam a mari meridiano ad mare septem- 
tnonale." 

I suspect that Gjlllos has been led into this mistake 
by Stephanus Bjzantinus, who renders the expression of 
Aristotle n luPiKifji w^s y(jpferiw w^IcntMt ripum pnestandsaima 
chrysocoUa auro contra Yenditur by yj^tn wfwailau tsiamu 

* These mines had ceased to be worked in the time of 
Pliny, who, describing the different sorts of Smar^gdus (our 
emerald) obsexres, '' Carchedonii (Chalcedooii) nescio aa 
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Such are the obscure and imperfect notices^ 
which, I have been able to discover/ of sub- 
jnarine mining .in ancient tirnes, and the in* 
stances are few, because mines are generally 
situated at a distance from the sea. I shall 
now proceed to give some account of the sub- 
marine mine near , Penzance, which, about . 
twenty years ago, so much attracted the public 
attention, and to which the name of Wherry 
Mine was given. 

The first attempts to work this singular mine 
are said to 'have been made towards the beffin- 
ning of the last century, when many small veins 
of tin being observed' to cross p. rocky shoal, 
which is exposed to view at low water ; $ome 
persons were induced to make it an object of 
iniuing adventure. How long they persevered 
iij this difficult enterprize, aAd what were th^ 
mechanical aids of wbichj they aviiiled thera- 
pelves, is not known; but the works, after 
being sunk to the depth of a very few fathoms 
in the irook,- w^re finally abandoned. 

About the year 1778L a poor mmier of the 
parish of Breage^ whose name Avas Tl^omas 
Curtis, had the boldness to renew the attempt. 
jPut beiforq I proceed to ^ipeak of his plan of 
pperations, and the success which attended 
them^ it will be -necessary to give my readers 



in toium exoleveiint, postquam metaUa cem iH deficermiy 
et semper Tiles fuere minimique." Theophratus speaks of 
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tBome idea of the natural obstacles which he 
encountered. 

The distance of the shoal from the neisin 
bouring befich at high water, is about IW 
fathoms, and this, in consequence of the ^al- 
lowncss of the beach^ is not materially lessened 
at low water. It is calculated that the surface 
of tlie rock is covered about ten months ia 
twelve, and that the depth of water on it at 
spring tides is nineteen feet. The prevailing 
winds occasion a very great surf here even ia 
summer, but in winter the sea bursts over the 
srock in such a manner, as to render all atr 
tempts to caiTy on mining operations unavailT 
ing. 

Such were the difficulties which a poor in«* 
dividual had to suimount, whose whole caf^ital 
perhaps lyas not ten pounds. As the work 
could be pvoseputed only during the short 
period of tin^e when the rook appeared above 
water, (a period whieh was still farther abridged 
by the necessity of previously emptying the 
excavation), three summers were consumed iii 
sinking the pump shaft, a work of mere bodily 
iabour. The use of machinery then beoame 
practicable^ and a frame of boards being ap- 
plied to the mouth of the shaft, it was cemented 
to the rock by pitch and oakum, made water 
tight in the same way, and carried up to 41 
sufficient height above the highest spring tide. 
To support this boarded turret, which wa^^ 
twenty |eet high above the rock^ and two feet 
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0fte iiieh sqttefer^ agtiost the violence of the 
tmrge, eight stoat bars of iron were appMed in 
mb ifM^lined direction to the sides^ four of tbeni 
helow, and four of an esitmocdinary length and 
ibickness abore, A platform of boards i/ras 
ibefi lashed itmnd tlie top of the turret^ supr 
jpmted by four poles, which were firmly con* 
tteeted with these rods, iasitly^ upoo this 
Iriaf form was fixed a wins for four men 

It wais thought that the miners would thus^ 
be enabled to pmnaue thcsr operationB at all 
times^ even during the winter months^ when- 
ever the weather was not particularly un- 
lavonrable ; but as soon as the eaccavation wa9 
carried to some extent in a lateral direction, 
ihh was foond to bier impossible^, for the sea* 
water penetrated through the fissures of the 
foek, and in proportion as the workings became 
efriarged^ the labour of raising it to the mouth 
of the shaft increased. Their predecessors> 
w» well as themselves^ had carried on their 
eitcavations too near the »urfiice^ which not 
only made the rock more permeable^ but less 
able to resist the immense pressure of water at 
high tide^ so that it became necessary to sup*- 
port it with hirge timbers* To add to this 
disappointment^ it was fi)und impossible to 
prevent the water from forcing its way through 
the shaft during the winter months, or, on ac* 
4^oont of the swell and surf, to remove the tin 
fCeme from the rock to the beach opposite. 

The whole winter, therefore, was a period of 
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inaction^ and it was not before April that the 
regular working of the mine could be resumed. 
Nevertheless^ the short interval which was still 
allowed for labour below ground^ sufficed mort 
richly to reward the bold and persevering pro- 
jector^ and to give his mine the reputation of a 
very profitable adventure. 

Whether he ever felt a conviction of the 
possibility of removing so many natural ob« 
stacles to his complete success^ I, know notg 
although there is reason to suppose that he 
did ; for when I asked his opinion of the scheme 
of erecting a light-house on the tremendous 
Wolf-rock, he professed his belief in its prac-- 
ticability, but suggested as far preferable^ the 
blowing up of the entire rock, which he rea- 
dily engaged to do for a proper remuneration. 

The following was the state of Huel Wherry 
in the autumn of 1791 : 

Depth of the pump, shaft, and of the work« 
logs, four fathoms two feet. 

Breadth of the workings, eighteen feet« 

The roof was worked away in some places to 
the thickness of three feet. 

Twelve men were employed for two hours at 
the wins in hauling the water, while six men 
were teaming from the bottoms into the sump. 
The men worked on the rock six hours after- 
wards : in all, eight hours. 

Thirty sacks of tin-stone were broken on an 
average every tide ; and ten men^ in the space 
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m six months^ working about one- tenth of that 
linrje^ broke about ^600 worth. 

There is something very remarkable in th« 
natural history of this mine. The workings 
were confined to a course or channel of ehran, 
about eighteen feet in breadth^ which runs 
N.W. and S. E. and underlies one foot and a 
half in a fathom to the S. W. It is discoverable 
en the beach at half tide. 

Besides the small veins of tin which ran 
through this rock, its whole mass was impreg- 
nated with tin to such a degree, as to be worth 
the expense of raising; fifteen feet of the 
eighteen, which composed the breadth of the 
elvan, producing 1600 of '' white tin*' in 1000 
isacks, and another foot as much as one cwt, of 
'* vrbite tin" in every sack. 

On a close inspection of the mass in which 
the tin is thus abundantly dispersed, the grains 
appear of a ei'ystalline transparency, and so 
equal in size, and regularly distributed, as to 
form, as it wei'e, one of the constituent parts of 
the porphyry. The term stanni/ied granite, 
which has been applied to it, is not, therefore, 
improper. It is said to have been the first tin- 
stone that was ever burnt in Cornwall before it 
was sent to the stamping^mill, a common lime- 
kiln having been erected for that purpose^ 
which was found to answer completely. The 
object of this operation was to render the tex^ 
ture of the stone more friable^ 
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In September, 1792, a friJnd (Mr. D. Gil- 
Ijcrt) wrote to nie as follows :— *'' The course 
of stanniferous porphyry, neaj Penzance, (the 
"VVJierry) promises to make a very great mine. 
There are indications of the tin being con-- 
ttnued to a great extent in both ilii^ection^s, and 
the bottoms are growing longei', and remain 
rich. A house near the green, built with frag- 
ments of this stone, which were, probably, 
picked up on the shore, or broken from the top 
of the rock, is, I hear, to be pulled down and 
rebuilt with other stone, for the sake of its tin. 
An adventurer told me that three thousand j 
pounds worth of tin has been raised from this 
extraordinary mine in the course of the present 
summer." 

In a sul)sequcnt letter, the same friend in- 
formed me — " A steam englue is erecting oPn 
the green opposite, and they are constructing 
a wooden bridge from thence to the I'ock, to 
serve as a communication, till the engine shaft 
has been sunk sufficiently deep, and a drift 
worked out to the mine, as a stage for sup- 
porting the sliding, or rather hanging rods." 
See plate I. , 

The bridge, thus constructed, answered also 
the purpose of conveying the ore and deads to 
the shore. In this manner the mine was con- 
ducted, and ore to the amount of seventy 
thousand pounds was raised from it. Nor in- 
deed were its treasures exhausted at its close. 
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which was as romantic as its commencement. 
An American vessel broke from its anchorage 
ia Gwavas Lake^ and striking* against the 
stage^ demolished the machinery^ and thus put 
an end to an adventure^ which^ boUi in inge- 
nqity and success, was probably never equalled 
» any country. 



XIV. — On some remarkable Phenomena atr 
tending the Lodes of Polgooth Tin Mine, . 



Br JOHN HAWKINS, Esq. F.RA Su. kt. 

^EMBSB OF THE «OC|J6TT« 



X HE object which I haye in view, in the fol- 
lowing communication, is to point out to the 
notice of geolc^sts, a case of rather unusual 
occurrence in the natural history of our nune- 
rai veins, the explanation of which will shew ike 
practical importance of thiese enquiries* 

I $haU^ therefcnre, cotifine myself to the state- 
ment of such phfl^nomena as were either ob- 
nerved by myself, or were communicated to 
me iu 1791, by the very intelligent director of 
the mine. Captain Phillips ; in the hope that 
others, who may have the means of doing it, will 
fiupply that information which is here deficient; 
Cor it is probable that, as the mine continued 
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open some years after I visited it, the furtliefi* 
extension of the works under ground may have 
enabled the miners to ascertain many facts 
which were at that time undetermined, and to 
make other important discoveries. , 

And here 1 must express the regret which I 
feel, in common with so many others, that no 
records are preserved of all those natural phae*- 
nomena which occur to the notice of our mitiers 
in the progress of their operations. I regret it 
not only on account of the loss which the 
science of geology sustains by its omission, 
but because 1 believe it has materfally affected 
tjie stability of our whole mining system; for, 
if it be true, that old mines are often re- opened^ 
in reliance on some vague traditional reports 
of their former productiveness, which general- 
ly prove fallacious ; how desirable it would be 
to prevent all this waste of capital, and to re- 
serve it for less hazardous speculations ! Theite 
is, moreover, a great analogy between the 
phfenomena of lodes in the same district, which 
fil^rves to guide the miner in atiy new adven- 
ture ; but how can he fully avail himself o( 
this advantage withouthaving recourse to some 
better authority ? If we cofisiddt it in anothcsr 
point of view, the loss which science sustaiils 
by this omission, will appear ib l^e incakuktble ; 
for the progress of our minhig operations is of 
necessity so slow, that ages scarcely suffice to 
develope all the circumstances which charac- 
terize the mineral veins of a particular districi^. 
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sind if these circumstances be not committed to 
writing as they occur, how seldom can they be 
/' accurately reported, and hoW bften must they 
be wholly forgotten. 

The importance therefore of recording thes6 
observations, must be admitted ; and what A 
length of time is requisite in most instances to 
complete them, will be evident from the fol- 
lowing account of Polgooth, which, although 
one of the oldest mines of the county, was not 
sufficiently explored in the year 179 1^ to enable 
me, or even the director of the mine, to decide 
upon some points of the greatest interest. 

A few words, perhaps; may be necessary in 
this place, to justify the use which I have 
. adopted of our provincial terms. I must ob- 
serve then, that every mining country has 
a technical language of its own, which is more 
or less expressive, and for which it would be 
difficult to find an equivalent in the received 
idioms. The question then is simply this — 
. shall we retain the use of this language, or at* 
tempt to explain ourselves, and at the best very 
imperfectly, in a language which is more gene- 
rally understood ? The patriotic views which 
were proposed by the institution of this Society, 
must» in my opinion, decide us to adopt the 
former of these alternatives ; nor can there be 
a doubt, should a more general diffusion of 
mining ideas render it expedient; that these 
t^ms would soon cease to be provincial. 

It is well known that Polgooth has been one 
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of the most productive mines in the coUtiiy^. 
and it will appear from what follows^ to. be wk 
less interesting in a scientific point c^ yiew. 

The country (to use the language of owt 
miners) is composed of killas; the beds of 
which dip in an angle of about 20** to the W* 
S. W. 

The principal lode here, which has been so 
productive of tin at different periods in the 
course of the last century^ runs E. and W. by the 
compass^ and has been traced to a very great exr 
tent in that direction. (See plate V.) 

Its general underlie is to the north ; the only 
exception to this being in a small space of 
ground west of the old engine, where, at the 
depth of ten fathoms from the surface, the lode 
anderlies a little to the south, for the spaco; i»f 
several fathoms in length, and a few in depth : 
the cause of which is attributed to some hard 
ground in the northern wall of the lode. 

With respect to the degree of its underlie, as 
the lode is composed almost wholly of small 
veins which drop in, as it were, on both sides^ 
the leader itself being so small that it frequent- ' 
ly disappears, there is scarcely a possibility 
of ascertaining it with any degree of preci- 
sion. It may be assumed, however, in a ge- 
neral way, at six inches in a fathom, and it 
amounts to twelve inches at the place where, it 
meets the New Glands lode* 

Its breadth upon the whole, is very incon- 
siderable, contracting frequently to six inches 



ike Lades dfPotgooth mne. i4t 

^hd seldom exceeding twelve^ but there is ik 
spot near the Old Glands shaft and Bum's, 
where the lode is $6 much enlarged by the 
Numerous branches that &11 into it^ as to: 
amount to from ten to fourteen feet. It has 
been observed^ that some of these branches 
istrike out again in the space of a few fathomsi 
' but others continue incorporated with the lode 
to a much greater extent. They are not in- 
aptly called/eederf > for they seldom fail to make 
good bunches of tin at the point of their coin-) 
cidencCk 

The lode, or to speak with more pretision, 
its ieadei', contains much spar (quartz) which 
here and there encloses tin, accompanied by 
peach (chlorite ) ; but almost all the tin is 
found either composing the small fissures 
which run through the killas on the sides c^ 
the lode, or immediately in contact with thd 
wall of the lode : in each case there is an 
abundant intermixture of peach, and often a 
small portion of yellow mundic. Even the 
killas itself is sometimes impregnated with tin 
on the sides of the fissures. It is the breadth 
of these fisi^res collectively, added to that of 
the spar leader, which is usually called here 
the bigness of the lode ; although that term is 
sometimes confined to the single vein of or« 
which runs through the caple. 

This lode, which, for the sake of distinctiotij 
is called Polgooth lode, intersects several 
others^ ^hich run in a north-west and south'- 
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eastern direction, and have been very produc^ 
tive of tin. 

The opposite parts of one of these inter- 
sected lodes, in consequence of a circumstance 
^hich once occasioned some doubt of their 
identity, have obtained two different names^ 
the northern being called Polyer, the southern 
Screeds. 

The direction of this intersected lode is 
N.N.W. and S.S.E. by the compass, and its 
underlie is east nearly four feet in a fatlitf)m. 

The average breadth of Polyer is between 
six and seven feet, that of Screeds is from three 
feet and a half to four feet, and its substance;, 
which is in general very solid, is composed of 
spar and peach. It is remarkable that some 
horses qfkiUas, which are three or four fathoms 
in depth, and two or three feet in breadth^ are 
found inclosed in this lode. 

Screeds, or the southern division, has becn. 
heaved by Polgooth lode about fifteen feet to 
tlie right, or on the side of the greater angle, 
and, together with it, a lode of considerable 
size, which diverges from that point about 
twenty-two degrees to the eastward. 

Tins lode is called St. Martyn's, and its cor* 
responding portion is said to have been once 
explored at a spot called Phillis's Old Chear 
Shaft, where it is said to have exhibited such 
symptoms of poverty as to have discouraged 
all farther attempts to pursue it. There is, 
however, a general belief, or rather prejudice. 
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among the miners here, of its being incorpo- 
rated with Polyer, although the difference in 
the direction of these two lodes warrants a con- 
trary inference. 

The direction of St. Martyn's is nearly N.W. 
and S.E. by the compass. It underlies nearly 
six feet in a fathom to the N.E. and its general 
breadth is about four feet^ although in sonoe 
places it amounts to twelve. 

The contents of this lode are chiefly ^r^ 
mixed in some situations with tin and peach* 

It has been observed in respect to Screeds 
and St. Martyn's lodes^ that this tin is always 
found in the hard substance of the lode^ and noi* 
in the adjoining killas. 

Polgooth lode intersects another^ the south-^ 
ern portion of which is called New Glands* 

The direction of this lode is N* W. by N. : 
its underlie is one foot and a half in a fathom 
to the north, and its breadth is generally one 
foot and a half. 

The northern portion of New Glands, which 
has likewise a different name from its corres- 
ponding half, has been tried principally at very 
shallow levels ; where, in consequence^ as it is 
supposed, of some very hard ground which 
composes the northern wall of Polgooth lode, 
it is split into small branches, which are in 
some places almost imperceptible. At the 
depth, however, of ninety-six fathoms, it ex- 
hibits its usual character. It is generally sup- 
posed to be heaved, like the preceding, by 
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Polgooth lode. On the other hand/ there k a 
cross course near Bum's shafts running- north 
and souths and underlying^ about one foot and 
ft half in a fathom to the west^ which heavei^ 
Polgooth lode itself about, one foot to the left. 
This course J» said to be about ten inches- in 
breadth^ an^ it i? compos^ of copper ore anii 
iliundic« 

Southward of the New Glands ia another 
Jode^ called Vanvean^ which is distant in one 
spot as muck a& ninety fathoms froni Polgooth 
)ode> and points one degree of the compass 
{towards it westward. The true directio»^ 
thevefore^ of Vaiivean^ is west by north by the 
pompass. Its underlie iS' nearly the same m 
that of New Qlands. Its general bigness may 
\}e estimated si one foot^ and it is . composed of 
^pait and peach. 

Both New Glands and Yanvean intersect aiid 
.heare Screeds and St. Martyn's lodes. 

At the distance of sixty fathoms, fiirther to 
the souths and of one hundred and My ftitboms 
from Polgooth Ibde^ occurs a large cotvrse or 
quarry of elvan^ which points with a stilt 
gareaieffdeg^ee of inclination towards Folgooth 
Idde as it proceeds westward » , 

This piorphyritiic dyke^ as it may be caUeii, 
Wfhich) is known here simply by the name of 
ehram^ has » very C0n$iderable underlie to tho 
north (six feet in a iettbom) and &tt» into Vaii^-* 
yean lo^ iit the |bf ty-ei|^^h i&ithom leyel^ in? 



the Lode$ of Polg§oth JMSne. Idl 

tereecting it hori;soataUy after the manner tof si 
fslicle^ and occasioning; a start. 
. Elvan has been tranced to the depth of 
seventy-six fatlioms under the adit^ and it has 
a regular breadth of seven fathoms. In its 
{H-ogress eastward, it cuts shaq)ly throug^h 
iScreeds lode^ and heaven it fifteen feet on the 
Side of the smaller angle. 

If we follow the elvan still farther in the same 
direction, we dball come to the point of it» 
intersection with St. Martyn's, where some phc^r 
nomena oocur^ to which I must particularly 
direct the reader's attention. This point is at 
the distance of 320 fathoms from the spt^, 
where Sa-eeds and St. Martyn's are each inter- 
sected by Polgooth lode. 

Here then at the forty -five fathoms lev^el, both 
the Elvan and St. Martyn's lode are intersected 
by an upright flookan, which runs nearly in an 
angle of 30° to the direction of the former* 
The consequence of this has been a very con-- 
fiiderable and complex, lieave on 4he left^ or on 
the side of the smaller angle. 

A plan of this remarkable heave^ and of the 
Relative situations of the s^arated lodes, which 
was communicated to roe by one of the di- 
rectors of the mine, is here inserted in the 
general drawing of the lodes. The distance 
from A to B is sbcteen fathoms, and B is supposed 
to be the corresponding part of St. Martyn's 
lode. It is plain^ liowever^ that this cannot be 
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the case^ because^ although we have innumer* 
able instances of lodes being intersected and 
heaved^ there is not one of their being shifted^ 
t. e. misplaced^ as to the order of their succes* 
sion^ in the manner here supposed. For who* 
ther A had previously cut through F, or was 
itself intersected^ its corresponding part would 
be found on the right of the Elvan^ not on the 
left of it. In the former case it would be bet ween 
C and D^ in the latter at D. But the reasons for 
believing it to be at D^ are, I think, conclusive, 
and they are as follow. We see that Screeds 
and St. Martyn's lodes are both intersected by 
New Glands and yanve9,n, and again that Van- 
vean itself is intersected in its underlie by the 
elvan. The elvan, therefore, is of more recent 
formation than either of the four lodes here 
mentioned, and, accordingly, we see it passing 
through Screeds, and without doubt \t would 
be seen to pass in the same manner through 
St. Martyn's, were it not for the interruption 
which it subsequently experienced from the 
flookan. Again, as the heave of Screeds lode 
was to the left, we must conclude that that 
of St. Martyn's lode was in the same direction^ 
and consequently must look for its correspond- 
ing part at D, where, perhaps, it has by this 
time ^een discovered. 

As 'for B, which, from the circumstance of 
its running in the same direction as St. Martyn's 
lode^ hsus been mistaken for D ; its correspond- 
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ing lode will be found on the north wall of 
the flookan^ at the same distance from A east- 
ward as it lies from E eastward. Lastly, the 
southern continuation of B is C. The con- 
tinuation of Screeds in like manner must ba 
looked for at G. 



XV. — Remarks on the Salt Mines of Wielitska 
I in Poland^ and of Salzburg in Germany. 
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Bt JOHN HENRY VIVIAN, Esq. M.G.S.L. 

MEMBER OF THE SOCIETY. 

CoBuniiaicated in a letter to John Ayrtqm Paris. M.D. &c^ 



XN my last communication I gave you some 
account of the arsenic and cobalt works of 
Saxony and Bohemia ; I now send yoii an ex- 
tract from my journal^ containing remarks on 
the celebrated salt mines of Wielitska in 
Poland^ which I visited in the summer of 1815^ 
and also on those of Salzburg, which I had 
seen in the preceding fall, in passing from 
Vienna into Italy, through the Tyrol. 

On Friday, the 30th of June, I called upon 
Mr. De Lille, the director of the Wielitska 
mines, by appointment, having been favoured 
with a letter of introduction to him by Mr. 
De Draveriijak, the President of the Board of 
Mines at Schemnitz, in Upper Hungary, I 
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was received with the greastest civility, and 
his son was so obliging as to accompany me in 
piy under-ground excursion. 

Salt mines are a sight, in the description 
of which, travellers are generally found to 
indulge their fancies. I have not myself met 
with any account of those of Wielitska, but 
I undei'stand that some flowery descriptions of 
them have been published, and I must admitj 
ihere are few cases in which they would be 
iDore excusable. 

These mines are situated at the foot of the 
Carpathian mountiains, on the north side^ and 
about eight miles from the city of Cracow. It 
is proved, from authentic documents, that they 
}iave been worked upwards of 600 years. 

The mouth of the principal shaft is in the 
town of Wielitska, and the workings extend 
on all sid^^ of it, in length about 800 fathoms, 
find in width about 400 fathoms ; the greatest 
depth is 120 fathoms. 

The descent into these mines is extremely 
commodious. For the first thirty fathoms it is 
by a spacious stair-case carried down the sides 
of a. shaft, ^.t the bottom of which is an object 
that attracts general attention, and is really 
worthy of admiration. It is a spacious chapel, 
with an altar, and figures of Monks performing 
mass, with divers other figures in the attitude 
of prayer, and monumentsf, crucifixes, pillars, 
&c. against its sides, all hewu out of the solid 
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salt^ and of such antiquity that no tradition re-< 
cords when it was executed. 

^ was particularly astonished by the uncom- 
mon dryness and hardness that prevailed, and 
this I found generally the case throughout the 
mine. From the chapel the descent is mosftly 
by steps hewn out of the salt, or accompanying 
rocjk, The levels are on a magnificent scale^ 
perfectly straight and regular ; eight or nine 
fe^ in height, and nearly as many in widths 
The blocks and barrels of salt lying about and 
piled away in them, give them the appearance 
of store-cellars. 

On reaching^ the bottom of the mine, another 
object pointed out to travellers as being worthy 
of observation, is the lake, a considerable basin 
of water with a large excavation over it; the 
salt bed having -been very steep in that part^ 
A boat is kept on this water for the purpose of 
traversing it. 

On the occasion of the visit of the Emperor 
of Russia^ when on his way to the Congress in 
1814, the mine was illuminated, and in tlus 
part there was music and' fire- works ; the effect 
of the whole, from the accounts, must have been 
very magnificent. 

Some of the excavations in the upper salt 
bed ^ce several fathoms square, and are cer-' 
taluly very striking objects; and the miner 
will i>ot fail to be attracted by their method 
of supporting the ground by means of immense 
solid trees, piled horizontally -in cross layers. 
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but this practice is now^ in a ^reat measure, 
done away, by leaving wherever they conve- 
niently can, arches of salt, which are not af- 
fected bj the weather, as the accompanying 
marl is* 

The' salt is of the description called rock 
salt. It occurs in beds which run cast and 
west, and in general dip to the southward. 
In this, however, Ihey vary, being much dis* 
ordered. 

They distinguish three beds, having each 
their peculiar character, and varying in the 
quality of their salt. 

These beds are known by the names of 

The Griinsalz bed ; 

The Spyzasalz bed ; and 

The Szybickersalz bed. 

The Upper or Greensalt bed, is so much 
broken and disordered as to form a sort of 
stockwerk, the parts being separated from each 
other. The general form of its parts is nearly 
round, that is, of equal dimensions ; some of 
tliem are many fathoms in diameter, and pre- 
sent considerable excavations. I observed, on 
an inspection of the plans at the mine, that all 
these parts have nearly the same inclination. 
These separated pieces, lying above and by 
the side of each other, are first found at the 
depth of twenty or twenty -five fathoms under 
the surface, and descend to that of about sixty 
or sixty-five. 

The quantity of salt obtained from this bod 
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has been immense, as the excavations on it 
fully testify. It is, however, not pure in qua-* 
lity, being much intermixed with earthy mat* 
ter. If the earths with which it is mixed ar^ 
not very perceptible, no notice is taken of them> 
but the whole is broken and sold togetlierj 
if, on the other hand, the miiss is very foul, it 
is left under-ground. It takes its name of 
grUnsalz or green salt, from its being of a 
greenish colour. 

The middle or spyzasalz bed, is less disorder- 
ed than the grUnsalz ; it^ parts are much flat- 
ter, and not so considerable in depth in propor* 
tion to their other dimensions. The thickness 
may be about five or six fathoms. The salt 
from it is of a greyish colour ; it is of a fihei' 
grain, and much more pure than the green salt. 

The lower or szybickersalz bed, has con- 
siderable undulations, but is not broken. It 
is composed of two or three separate layers^, 
which may be three or four fathoms in thick- 
ness* Its salt is for the most part perfectly 
c\&dv and pure ; some blue gypsum occasion- 
ally breaks with it. 

• The strata above these salt beds are chiefly 
clay or loam, with a thin bed of sand : the 
mass between them is a marl, varying in colour 
and hardness. In this shells sometimes occur; 
and near the lower bed some beautiful clear 
cry stalls of salt, from one to four inches square/ 
are occasion^ally found* 
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The mode 6( working these beds^ is as fol- 
lows : — ^The green salt bed is so much dis- 
ordered, that levels are driven in different 
directions^ for the discovery of its parts <)r frag- 
ments. These levels are very spacious^ and 
are driven with great regularity. I remarked 
a singular mode of carrying them through the 
salt body where it occurred. The centre of 
the fore-breast was left standings and a groove^ 
of perhaps two feet in depth, was made round 
it with the pick. Thus freed on all sides, a 
large hole was bored in the centre, and the 
wh<^ was thrown down at one blast. The 
blocks of salt prepared for sale, are obtained 
by making perpendicular cuts in the body of salt 
with the pick, as high as tlie bed will admit of^ 
or as ni3.y be convenient for the miners to work ; 
these cuts are then intersected by others* car- 
ried horizontally, and the square pieces into 
which the pillars are thus divided, are detached 
by cutting a little at the back with the ^ick 
and then driving in wedges. They are then 
hewn into the form required. 

Two sizes of these blocks were pointed out 
to me, the one or the other was obtained as tho 
purity of the salt body would admit of. 

The largest, called halvanen, are said to 
weigh four or five cwt. each, and are of a 
long cylindrical form, for the convenience of 
transport. 

The others, called ybrmai«<ei«e, are long four 
sided pieces, weighing from 90 to 100 lbs. each* 
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Tbese blocks are exported without caseSy 
and are so solid as not to be affected by the 
weather. The small that falls in cutting and 
dressing them is packed in casks^ but the 
bloclis are preferred by merchants., as the casks 
are liable to be opened and pilfered by the 
carriers. 

The salt blocks and casks are drawn through 
the under-ground levels or galleries, by horses, 
of which I was told there were about thirty in 
the mine. 

From the depth of thirty fathoms they are 
raised to the surface through a perpendicular 
^aft, by a singular old whim, worked by six 
horses. It consists of a large horizontal wheel ^ 
with two rows of teeth, which work an upright 
one attached to the cage. 

The blocks are slung in cords ; the weight 
raised at a time was said to be from 25 to 30 

CVft. • 

There is only one footway into the mine, 
haying a grating and small building over it. 
The men are strictly searched on leaving it. 
Tliey all work by the job, and receive a part of 
their earnings in corn. 

. The water of the mine is drawn to the sur- 
face in sacks made of hides. It is so fully sa- 
ti?rated with salt, that it deposits crystals as it. 
floM's through the landers in the mine. Stalac- 
titical masses are also formed from its drop- 
ping's. The crystals are perfect cubes ; I ob-. 
served thein in several places prettily grouped* 
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Such is the apparently inexhaustible store of 
the rock salt^ that the mine water^ which is by 
no means inconsiderable in quantity^ is aUovred 
to run to waste at the surface. 

A handsome evaporating house was built 
during the time that these mines belonged .to 
the Saxon and Austrian governments jointly^ 
and fitted up with pans and every thing neces^ 
sary ; but it was soon found that the salt ob- 
tained by this process was much dearer^ owing 
to the cost of the fuel required^ than the rock 
salt from the mine: and as there was no scarcity 
of the latter to be apprehended for some cen- 
turies^ the plan was abandoned^ and the build- 
ing is useless. Should they ever be obliged to 
resort to the process of evaporation^ it is not 
likely that there will be any deficiency of satu- 
rated water^ as from the quantity of impure 
salt from the green salt bed that is left under- 
groundj it may easily be produced by convey- 
ing fresh water into the mine. 

These mines belong to the Emperor of 
Austria ; they are situated in the province of 
West Gallicia^ which fell to his lot at the par*- 
tition of Poland at the peace of 1809, after the 
.battles of Aspem and Wagram. Part of West 
GaUicia was taken from Austria^ and annexed 
to the Duchy of Warsaw^ which belonged to 
the King of Saxony. The mines^ from that 
time till the peace of Paris^ belonged jointly to 
the two governments^ and a Saxon Commissai^ 
resided at Wieliti;ka. 

I- 
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The Wieliiska inines^ I was told, produce 
«t present about d5>000 tons of salt annually^ 
but that double this quantity might be raised 
if it could be disposed of. It was observed^ 
that by attempting to keep the price too high^ 
their sales had of late been much curtailed, as 
the Liverpool salt^ad found its way to Warsaw 
and the north of Poland. A contract, I was- 
informed, had just been entered into with the 
Emperor of Russia for the supply of his new 
kingdom with 25,000 tons a year for five years, 
at eleven Polish florins per cwt., which is about 
equal to £6 per ton. 

l^ere are likewise salt mines at Bochnia, 
about fifteen miles from Wielitska, but they 
are not so productive as the latter ; the beds are 
much steeper, and not so thick. 

The salt is sent to Cracow, and from thence 
down the Vistula. 

In Mr. de liirs collection, I remarked some 
specimens of native sulphur firom a bed near 
Cracow, 



On the Salt Mines of Salzburg. 

On the 26th of November, 1814, I visited, 
in company with a fri^fid, the salt mines of 
Hallein, distant about eight miles from the town 
of Salzburg, and the principal of the district. 
From the town of Hallein we ascended a steep 
mountain over a commodious road, formed by 
the King of Bavaria, to the churchr of Dtmren- 
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berg*. The view from this elevated situation 
of the Vale of Salzburg^ and the bold limestone 
rocks of the Unterberg and surrounding coun^ 
try, certainly the most picturesque in Germany, 
is most delightful. 

In a- cottage near the church, we were fur* 
nished with dresses, and when equipped a la 
Saxonne, entered the mine by a shallow adit, 
having its name Freudenberger Stolln engraved 
over the entrance. 

The first part of this level was elliptically 
arched, and six feet and a half iil height from 
the channel for the water. As we entered the 
salt country, its sides and roof ^ere strongly 
timbered, which the salt is said to preserve f 
it still continued lofty and commodious. After 
thus travelling at our ease between three and 
four hundred fathoms, we arrived at the top of 
an inclined shaft, which we descended in a 
most singular and ludicrous manner. About 
the centre of the fiat wall of the shaft, twa 
smooth pieces of wood, like the sides of a 
ladder, were laid solid, with some planks on the 
outside of each, and a small narrow footway 
of sunken steps between. Over the platform 
on one side was a strong rope, on the other a 
rail, for the convenienjce of those that ascend. 
The descent was performed sitting, or ra- 
ther reclining on the centre pieces, the legs an4 
feet resting on the platform ; and by holding the 
rope in the right hand, which was protected by 
a string glove, we were enabled to slide down at 

L 2 
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the pace that was most agreeable. This may hisf 
regulated by the position of the body ; ours vrasr 
very rapid^ and but for the caution of our at- 
tendant^ who led the way,' would, no doubt, 
have been still more so. It is, however, by no 
means dangerous, as by planting the left heel 
in the steps of the footway, the pace may in- 
stantly be stopped. Several persons may thus 
descend in a string, ihe one resting on the 
shoulders of the other. 

In this manner we descended through three 
shafts,' upwards of one hundred and fifty fa- 
thoms. 

The underlie, or angle of inclination of these 
shafts^ was not the same in all. That of the 
first was said to be 43 degrees ; the second, at 
an angle of 49**, we found to be so steep that we 
were obliged to throw our bodies completely 
back, to prevent ourselves from going too fast. 
About the middle of the third flight we turned 
out to visit one of the kammem or chambers, 
in which the fresh water, conveyed into the 
mine from the surface, is inclosed for the pur- 
pose of dissolving the salt which is much inter- 
mixed with clay. In our way we passed two 
or three basso relievos of Bishops of Salzburg, 
and a tablet to commemorate the visit of the 
Emperor. These are in stone, and were con- 
veyed there from the surface. The salt rock 
was not sufficiently solid to admit of sculp- 
ture. 

The chamber was six feet and a half high> 
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and from six to seven hundred fathoms in cir-. 
cumference. The largest is said to exceed a 
thousand fathoms. 

The salt stone is so intermixed with clay and 
gypsum, as to form quite a breccia. As it can-^ 
not be obtained, sufficiently pure for use, these 
chambers are filled with freshwater from the sur- 
face, and carefully closed up, when in the course 
of five or six weeks the water becomes fully 
saturated. It is then drawn oflTas it may be re- 
quired by the boiling houses, which are in the 
town of Hallein, and the salt is obtained in the 
usual way by evaporation. 

The salt stone being dissolved, the clay falls 
to the bottom of the chamber, which is well 
stamped, after the water is drawn off, and a fresh 
floor formed. Thus the chambers continue to 
rise through the salt country a few inches at 
each filling. There are in all thirty-four cham- 
bers in the mine, but few only are full at the 
same time, as it requires a considerable time to 
fill them with water, aiid to clear and prepare 
them after they have been used. 

The salt country, I was informed, might be 
from two hundred and fifty . to three hundred 
fathoms in depth. 

There are seventeen levels driven from the 
surfia.ce into the mine at diflferent heights, for 
the convenience of supplying it with fresh 
water, and taking it oflf when saturated. 

Our journey out of the mine by one of these 
adits^ was equally pleasant aud amusing with 
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our descent. Seated across a long plank placed 
on four wheels, and having a swing beam be- 
neath it for the legs to rest on, we travelled at 
a rapid pace upwards of 1200 fathoms through 
the level ; the carriage running on a wooden 
rail road, was drawn by a man, two boys as- 
sisting him by pushing behind. The level was 
in excellent repair, and well timbered ; about 
four feet wide at the bottom, tapering to two 
feet at the top. 

The director of the Hallein works informed 
me that their annual produce amounted to 
about 15,000 tons, and that the other salt works 
in the country at Berchtesgaden, Rosenheim, 
&c. might yield together about double this 
quantity ; the price 1 was told was four florins 
per cwt. and of this one half might be clear 
profit ; thus yielding a considerable revenue to 
the sovereign. Some of the salt stone is sold 
in the country in its native state, for the use of 
horses and cattle, particularly that from the 
Berchtesgaden mine, which is the most solid. 
The greater part of the prepared salt is sent 
into the Austrian dominions by means of the 
River Salza, which is rendered navigable at 
Hallein, and communicates with the Danube. 
A part is likewise sent overland *to Bavaria, and 
into the Tyrol. 

At the moment of our visit, we found the 
utmost anxiety in the mine agents and di* 
rectors as to their future fate. The Province of 
Salzburg, which was formerly an independent 
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BijshopriCj having been transferred at the peace 
of Amiens from Austria to Bavaria^ the Aus- 
trian agents^ who had then been dismissed^ 
^ere now looking out for the country to be 
restored to their sovereign by the decision of 
Congress^ and to their bein^ replaced in their 
situations. 



XVI. — Observations on the Geological ^truQ- 
ture of Cornwall, with a view to trace its 
connexion with, and influence upon its Agri^ 
cultural (Economy, and to establish a ra'^ 
tional system of Improvement by the scientific 
application qf Mineral ManWe. 

Br JOHN AYRTON PARIS, M.D. F.L.S. &<s, 

HQKORABY MEMBER OF THE SOCIETY, 



X HE fabulous and romantic age of geology 
may be said to have passed away; its dis- 
ciples^ no longer engaged in the support of 
whimsical theories^ direct all their attention to 
the discovery of facts^ and to their application 
to. purposes of extensive utility. The present 
pera of geology may therefore, with much truth^^ 
be compared to that of its kindred pursuit^ 
chemistry^ when in the dawn of the sixteenth 
century it escaped for ever the trammels of 
alchemy^ and assumed the rank and import** 
lince of an inductive science. The p^^allel 
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may be carried still farther ; for it must be con- 
fessed^ that the benefits incidentally derived 
by chemistry from the visionary researches 
of the alchemists^ and those which have 
been conferred upon the science of geology 
by tKe zealous but mistaken pursuits of its 
earlier disciples, are equally numerous, and 
alike important ; the happy allusion of Lord 
Bacon to the fable of iEsop, respecting the for- 
mer^ may^ with much truth and force^ be ap- 
plied to the latter. '' They are like those hus- 
bandmen, who^ in searching for a treasure sup- 
posed to be hidden in their land^ have^ by 
turning up and pulverizing the soil, rendered 
it fertile/' 

Amongst the number of useful facts which 
have been thus brought to light, few perhaps^ 
in the science of geology are more striking^ 
none undoubtedly more useful, than those con- 
nected with the discovery of a certain regular 
order in the occurrence and association of the 
different mineral beds and strata^ which form 
the surface of the globe, and whose disintegra- 
tion and decomposition have given rise to the 
loose covering or soil, fi^om which vegetation 
springs, and by which it is nourished, sup^ 
ported, and perpetuated. 

There is certainly no district ir^ the British 
Empire where the natural relations between Uie 
varieties of soil and the subjacent rocks can be 
more easily discovered and traced, or more 
effeotufilly investigated^ than th^ QQunty of 
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Cornwall ; and no where can the information^ 
which such an enquiry can afford^ be more im- 
mediately and successfully applied for the im- 
provement of waste lands^ and the general ad- 
vancement of agricultural science. 

As we advance from a primitive to an allu- 
vial district the relations to which I have al- 
luded^ become gradually less distinct and appa- 
rent^ and are ultimately lost in the confiised 
complication of the soil itself, and in that gene- 
ral obscurity which necessarily envelopes every 
object in a state of decomposition : we can> 
therefore, only hope to succeed in such an in- 
vestigation by a patient and laborious exami* 
nation of a primitive country, after which we 
may be enabled to extend our enquiries with 
advantage through those districts which are 
more completely covered with soil, and ob- 
scured by luxuriant vegetation ; as^ the eye 
gazing upon a beautiful statue, traces the out- 
line of the limbs, and the swelling contour of 
its form, through the flowing draperies which 
invest it. 

The construction of a geological map of a 
county like Cornwall, if viewed only as it re- 
gards the subject of this memoir, must be an- 
ticipated with considerable interest ; and should 
the labours of this Society terminate with the 
completion of this great desideratum, it will 
have to boast that it has presented one of the 
greatest gifts which agriculture can receive 
lirom science. It would not only point out the 
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connexion between the varieties of soil and 
the subjacent rocks, but it would explain the 
local ^circumstances which might be friendly or 
hostile to their improvement, and direct the 
agriculturist to the different mineral substances 
associated together in. their vicinity, and which 
might contain principles capable of extending 
their fertility, or of correcting and modifying 
the causes upon which their poverty or barren- 
ness may depend. 

The county of Cornwall may be said to con- 
sist of four primary rocks, each of which, by 
decomposition, gives origin to a peculiar soil, 
distinct in its nature aiid characters, and re- 
quiring an appropriate system of cultivation 
and improvement. They all however agree in 
one essential particular — their earthy combina- 
tions are few and simple ; the great object of 
art is therefore to extend and multiply them, 
and thereby to encrease and diversify theii^ 
chemical and mechanical agencies. In alluvial 
districts the very contrary obtains, for nature 
has already mixed and compounded the dif- 
ferent particles of rocks in every proportion 
and in every manner, and has therefore left but 
little to be effected by the suggestions of science, 
or the resources of art. 

The principal rocks of which the county of 
Cornwall consists, are granite, schist, horn* 
blende rocks, and serpentine. Beds of lime- 
stone, dykes of porphyry, veins of quartz, and 
those of other minerals, will also claim a por- 
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tion of our attention^ inasmuch as th«y effect 
an influence upon the soils beneath which they 
occur. 

Granite forms the skeleton of the county, 
upon which all the other formations repose. 
The soil to which its disintegration gives origin, 
is provincially termed a growan soil ; it occu« 
pies a very considerable area of the peninsula 
of Cornwall^ constituting no less than three 
hundred thousand acres, one half of which is 
unenclosed waste land, affording a scanty pas* 
turage for a miserable breed of sheep and 
goats; but which, by drainage^ and judicious 
cultivation, might, without doubt, be much 
improved. The other portion of growan land 
is endowed with various degrees of fertility, 
and capability of improvement, in different dis- 
tricts, or even in different spots in the same 
district ; a fact which seems to have an intimate 
connexion with the nature of the granitic sub- 
stratum, and consequently to admit of elucida- 
tion from th^ enquiries of geology. 

That the texture of granite, and the propor- 
tion of its componeijt parts, had a considerable 
influence upon the degree of fertility of the 
superincumbent soil^ I was led to believe by a * 
bare inspection of specimens brought from fer- 
tile and barren districts. Mr. Tyacke, of Go- 
dolphin, has, at my request, furnished the So- 
ciety with some striking specimens in confir- 
irjatiou of this fact^ ^nd I have had an oppor- 
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lunity of adding others. Mr. E. Giddy hits 
likewise contributed to the collection in fkrther 
illustration of the views which are offered in 
this memoir. It is hardly necessary to remark, 
that granite consists of three substances in the 
state of mechanical admixture, viz. felspar, 
mica, and quartz, the first and last of which 
being essentially different in chemical compo- 
sition, are necessarily so in their agricultural 
influence. Felspar is capable of being, in part, ^y 
resolved into aluminous earth, and includes, 
moreover, several elements which have beea 
discovered by experience to be highly congenial 
to the process of vegetation : quartz, on the 
contrary, has a powerful tendency ; to resist dis- 
integration, and even when it is decomposed, 
it is reduced-only into siliceous particles. The 
nature of felspar varies also very considerably 
in different kinds of granite ; it occurs some* 
times in an earthy form, is easily pulverized, and 
emits, when breathed upon, a strong smell 
of aluminous earth ; at other times it is met 
with in a hard, compact, and less earthy state, 
not easily yielding to th€ action of air and 
moisture. In some felspar the proportion of 
its siliceous greatly exceeds that of its alumi- 
nous elements, and in others again magnesia 
forms a constituent part. 

The relative proportion of mica appears also 
to have some influence, and where this ingre-' 
dient occurs in granite in very considerable 
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abundance^ it is generally indicative of a lig^H 
and poor soil. I have detected the presence 
of magnesia in several of such soils^ but I 
should rather attribute their barrenness to the 
circumstance of a large proportion of mica 
being frequently associated with a considerable 
quantity of quartz in the granite of Cornwall. 
There are^ besides^ incidental ingredients in 
granite^ which must be taken into account^ 
such^ for instance^ as iron^ whose presence not 
only disposes the rock to a rapid decomposi- 
tion, but it may subsequently become a useful 
element in the soil itself. 

It would appear from these views that the 
value of a growan soil will bear a relation to 
the proportion of felspar in the subjacent gra- 
nite : it is therefore a circumstance which should 
be always examined by the scientific agricul- 
turist^ who wishes to form a correct estimate of 
the capabilities of any ^owan district. Upon 
an investigation of many of the more fertile 
parts of Cornwall, this fact is very strikingly, 
illustrated ; it will be found that in such dis^ 
tricts the quantity of felspar in the granite 
varies from 70 to 90 per cent, and that it pos- 
sesses also the earthy texture which so greatly 
accelerates its decomposition; this is one of the 
mineralogical circumstances which will explain 
the unusual fertility of the growan soils in the 
parishes of Saint Burian, Seunen, and Saint 
Leven, and which are let, upon an average, at 
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the rent of £4 per acre ;^ on the other hand^ let ( 
the g(Bologist^ in passing over the dreary and 
barren moors which occupy the centre of the 
county^, collect specimens of its granite^ and 
they will be found to offer a striking contrast 
to those of more fruitful districts ; many other ] 
instances might be mentioned^ but the geolo* ' 
gist wUl have no difficulty in multiplying them. 
The Islands of Scilly are very fertile^ a circum- 
stance depending upon the large proportion of 
felspar and iron^ which enters into the com- 
position of the granite^ and the consequent ra- 
pidity with which its decomposition proceeds. 
Guernsey consists of gneiss abounding in fel* 
spar^ its soil is accordingly fertile; whereas 
the granitic parts of Norway are distinguished 
for the abundance of quartz^ and we therefore 
find that their superincumbent soils are sterile. 
Yon Buch confirms the truth of this report ; he 4 
observes^ in his travels through that country^ 
that ^^ in the fruitful clay-slate the ground 
yields twelve times the amount of the seed, 
whereas on the rocky granite soil it hardly 
repays the diligence and pains bestowed on its 
cultivation." 



* These soils produce large crops of corn of ereiy kind, 
of red 'wheat from 40 to 45 Winchester Iboshels p^r acre, of 
prime barley from 45 to 60,|70, and eyen 90 hare been pro* 
daced ; in these estimates, collected by Mr. Worgan in hit 
agricultural surrey^ it must be remen^bered that the Cornish 
exceeds the statute acre nearl/ in the ratio of six to fire. 
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In granitic countries, the frequent recur- 
rence of rain is likewise a powerful cause of 
fertility/ and in this respect the climate of Corn- 
wall is certainly highly congenial ; there is a 
popular adage, well known to the members of 
the Society, that '' the land of Cornwall will 
bear a skozcer every week day, and two upon a 
Sunday." This, like most of our popular say- 
ings, is founded in valuable observation and 
experience, and serves to record an opinion 
sanctioned by the universal consent of succes- 
sive generations ;) the philosophical explana- 
tion of the fact is, that the shallowness of the 
soil, and the large proportion of siliceous mat- 
ter entering into its composition, together with 
the nature of its rocky substratum, render a 
constant supply of moisture indispensable for 
its fertility. This is one of the numerous in- 
stances of intelligence and design which nature 
displays in connecting the w ants and necessities 
of the different parts of creation, with the power 
and means of supplying them ; thu« in primi- 
tive countries like Cornwall, the soil necessa- 
rily requires moisture, and we perceive that 
the cause which occasions, at the same time, 
supplies this want ; for the rocks, elevated above 
the surface, solicit a tribute from every passing 
cloudy whilst in alluvial and flat districts, where 
the soil is rich, tleep, and retentive of moisture, 
the clouds float_ undisturbed over the plains, 
and the country frequently enjoys that long 
and uninterrupted series of dry weather^ which 



• • • 

Geological Strttdture of'^Comwall. 177 

is so congenial' and iieeessary to its fertility.. 
Linnsus' observes^ that thd plants which chief- 
ly grow upon the summits of mountains^ are 
rarely found in any other situation^ except in 
marshes^, because the clouds^ arrested in their 
progress by such eleyationSj keep the air ^n a 
state of perpetual moisture,; somewhat resem- 
bling that of the fogs in meadows and marshes ; 
in exemplification of this fact, the locality of 
parnasBia paltistris immediately suggests itself 
to our notice. 

As a general rule, it may be stated that . in 
order to obtain the greatest fertility, tKe. pro- 
portion of ^ili^.eous matter in a soil ought to be 
encreased according to the quantity of rain 
that falls^ or rather perhaps to the frequency of 
its recurrence ; for it is evident that one of the 
principal effects of this element is, to diminish 
ia the soil its capacity for moisture; we ac- 
cordingly find that in the rainy climate of 
Turin J the most prolific soil has from 77 to 80 
per cent, of siliceous earth, and from 9 to 14 of 
calcareous, whereas in the neighbourhood of 
Paris, where there is much less rain, the silex 
bears only the proportion of from .26 to 50 per 
cent, in the most fertile parts. 

Let the agriculturists of Cornwall, if there be 
any who regret the frequent recurrence of rain^ 
hail with gladness the golden showers that fill 
their granaries with com, and clothe the pas- 
tures with perpetual verdure. 



^ Not Ruch a$ wiati7 stomu oa siortals ^body 
Oppressing life, but lorely, gentle^ kind. 
And full of cTciy hope, and erery joy, 
The wish of Nature.*'- — 

To return from this digression, I wouW olb- 
serve tliat the essential character of a growan 
soil may be stated tb be a peculiar unsuscep- 
tibility to all external Agents, and an inapti- 
tude in itt internal composition, to those che- 
mical changes with' which fertility seems to be 
connected : I have examined a great niAnber of 
'such soils, and have rarely met with much 
soluble matter in their composition. These ob- 
servations, however, apply with different' de- 
grees of force to different districts, according 
io the value of the soil, and to the extent of 
judicious improvement which it may have 
undergone. As a rule for the amelioration of 
a grouan soil, it may be recommended^ as a 
general principle, to encrease the number of its 
elements, and consequently to extend their 
affinities. The Cornish code of agricultural 
improvement may be very shortly expressed. 
Mix, Combiner and Multiply Manures. In 
the treatment of a growau soil, in particular, 
the manures cannot be too complicated, and 
those of an animal and vegetable nature should 
be always previously mixed with clay, decom* 
posed slate, or other argillaceous Substances^ 
with which they ihaiy contract an intimate 
union, and by such meatis be more s6curetjf 
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preserved in the land to which they are ap- 
{died. 

My firiaid^ John Scobell^ Esq. of Nanceal:- 
Yeme^ who has a con»derable estate in the 
western part of Cornwall^ communicated to 
me a singular practice which the fanners in his 
neighbourhood pursue with evident advantage^ 
which is that of actually dressing theij- incorri- 
gible land with the comminuted fragments of 
decomposing granite. Strange and enigmatical 
as this may appear to the agriculturist who has 
not studied the subject of mineral manures^ to 
the mineralogist it is a fact, capable <^ easy 
and satisfactory explanation : the growan, or \ 
decomposed granite^ contains^ as I have before 
stated^ large quantities of felspar^ and therefore 
of alumina^ with small quantities of alkali. I 
have made several experiments in order to 
detect the presence of an alkaline element; 
and^ by treating the pulverized substance with 
sulphuric acid^ I have succeeded in producing 
a cr<^ of alum crystals. Upon the same prin- 
ciple the application of decomposing- sdate 
proves a valuable manmre for growan lands^ 
since it contains alumina in very great q^uan^ 
titieSj and is therefore capable of imparting to 
them that tenacity of which siliceous soils are 
destitute. This intermixture of soiK or of 
decomposing rocks capable of producing them^. 
where one kind of earth is either redundant of 
deficient^ has been most successfully practised 
in other counties. Mr, Bakewell^ m his 
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*!' Introduction to Geoldgy," dbserves, that 
part of Lancashire is situated on the red ^aii^ 
rocky which being prineipaily*. coinpofeed' of 
siliceous earth andt&e oxyd of iron; 'forms of 
itself very unproductive, land ; but that;, for-' 
tunately, in many situations, it contains de* 
tached beds of calcai*eous marie, by theappli-' 
catiou of which- it is converted into a most 
fertile soil. Mr. Brande has also observed iti 
the General Remarks upon the Soils of Groat 
Britain, which are appended to his descriptive 
catalogue of the minerals of the Royal Insti-- 
tutioiij, that experience and science have gresi^t- 
ly improved the advan rages to be derived front 
the proximity of different soils to each other, 
and that there can be no better illustration of 
the utility of an intimate acquaintance with 
the relation of the different strata, ihan the ame- 
lioration of the Suffolk sands, Avhich, by the 
proper application of a^ substratum of a shelly 
marie, provincially termed '' crag/' have been 
changed from a parched and useless heath to 
arable and productive land. A most interest- 
ing illustration of these views seems to be pre- 
sented in the extraordinary fact which I have 
discovered in the county of Cornwall, respect- 
• ing the encreased fertility which characterizes 
soils that are superincumbent upon the junc- 
tions of rocks. The most super ficial . observer 
may easily satisfy himself of the truth of this 
fact; indeed the line of junction between the 
granite and slate formations, may, in ma^y 
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J>afts, lie -traced by the eye alone through 
tracts of cwltivation, from the remarkable fer- 
tility which attends it.. It may be defined a 
zone of fertility, since both the growan and 
slaty soils become mutually enriched as they 
approach each other: niimemus are the ex- 
amples which might be adduced in confirma* 
tion of this fact ; the following, however, as 
being readily accessible to investigation, are 
particularly noticed. The most valuable part 
of the estate of Trengwainton, the seat of Sir 
Rose Price, lies upon the junction of slate and 
granite; this line may be traced to Madron 
church, and from thence round the Mount's 
Bay, in the direction of which we shall in- 
variably find the superincumbent soil distin- 
guished for its superior fertility. It is pro- 
bably worth notice, that all the villas around 
tliis beautiful bay are placed upon the junction' 
of rocks. Where the homblendeformation in- 
trudes itself, the fertility of the land is still far- 
ther encreased, as may be seen on the valuable 
estates of Castle Horneck, and TrereifFe, as I 
shall hereafter have occasion to notice, when I 
treat of hornblende soils. The zone of fertility 
may be also seen well characterized on the 
line of junction between granite and slate at 
Penrhyn, and on that extending from Chyoon 
on the acclivity of Paul-hill, to Mousehole, in 
tj)6 Mount's Bay ; this latter instance attracted 
the attention of Mr. Worgan, who, in his ge- 
neral view of the agriculture of CornwaU'v 
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notices this district as one highly feft3e> ftnd 
as being famous for producing two crops of 
potatoes in one year. On Saint Michael's 
Mount the geolo^t will also discoYer an ex«* 
ampAe of the fertilizing influence which the 
junction of slate and granite exerts upon the 
superincumbent soil ; the beautilul carpet of 
herbage covering the south^^wtem base of this 
singular spot, is a featudve which instantly strikes 
the attention of due stranger. To these ex* 
ample? I may add another^ which I have very 
lately, discovered : I was requested by my 
friend Mr. Pendarves» to examine whether any 
{geological arrangements could explain the 
cftuse of a particular line in hfe estate of Pen- 
darves^ being more fertile than the neighbour- 
ing lands; upon tracing the direction of the 
granite and slate formations^ we soon dis- 
covered that this line of superior fertility, was 
superincumbent upon the junction of these 
rocks. In making a tour through the county 
of Cornwall, you will frequently hear the far- 
mer speaking of a vein of rich land ; 1 have 
generally found upon enquiry, that this is no 
other than the zone of fertility superincum* 
bent on a junction. During the summer of 
1816, I made a geological excursion around 
the peninsula of the Lizard, and farther oppor- 
tunities were thus afforded me of confirming 
my opinions upon many points connected witli- 
the objects of this memoir^ and of collecting 
illustrationi^ from a district highly interesting^ 



Geologic^ Structure of Cornwall. 1 83 

and bat little explored. In* proceeding from 
the church of Constantine* to Mawnan, I was 
fortunately accompanied by a very intelligent 
farmer of that district, who informed me that 
in the former parish the kiltasKvA growan lands 
, as they came together were much improved in 
quality^ and that they were mutually increased 
as much as one third in value ; he also stated 
that the crops upon this ** rich vein*' were 
much earlier. Some time since I mentioned 
these results of my enquiry to Mr. Whidby, 
the ingenious and scientific director of the 
*' Breakwater" in Plymouth Sound, and ho 
informed me that the same encfease of fertility; 
as far at least as* he had noticed, was certainly 
evident upon the different junctions in"" the 
neighbourhood of Plymouth. I have not had 
any opportunities of extending the enquiry 
into other counties, but I should hopie that the 
pitblication of these short and imperfect notices 
may awaken the attention of more able and 
diligent geologists, and that a mass of facts 
may be ultimately collected which wiH lead to 
a full and satisfactory explanation of this in- 
teresting phenomenon ; at present, I confess I 
feel much difficulty in accomplishing it That 

* This spot deserves the attentiou of the geologist, for ia 
a quarry may be seen the best, and, perhaps, the only well 
defined gneiss, in the county of Gorawall ; it was pointed out 
<» me by a siealous member of our Society, the Rer* Jobii 
Rogers^ of Mawnan. 
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the interfBixture pfithe decomposed parts of 
these different rocks, is one grand cau9e to 
¥(hich w^ are to, look for explanation I am 
^yilUng.to admits but I cannot help suspecting. 
i\mX iUtyre enquiries will, also discover that 
t|i^re are other equally important . causes in- 
volved in the explanation ; bold as (he Qon-*. 
jecture may appear^ it is by. no means/unphi- 
losophical to suppose th^t some, galvanic 
ipflueoce may ex^rt a powerful agency, per- 
haps ^^ acceleriLting decompositions, and pro- 
motii^ in the elements of the superincumbent 
soils| those various changes which are essential 
to luxuriant vegetation. / 

Ih alluding tp the silent, secret, and corro- 
sive agency of the galvanic influence, I cannot 
resist the opportunity of directing the attention 
of the Society to an interesting illustration of. 
its effects^ which has. been ,lately afforded by 
the rapid, and for awhile inexplicable, decay 
of the flood gates in the port of Hayle, a cir- 
cumstance which has been discovered to depend 
entirely upon the contact of iron and copper 
bolts and braces, introduced into the different 
parts of the frame work. 

Slatv soilSj or those produced by the de- 
composition of slate or schistus, are, generally 
speaking, much more productive ^ than the 
growan soils which I have described, although^ 
Uke the latter, they vary considerably in their 
degree of fertility ; a fact which depends upon a 
number of circumstances^ amongst which may 
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be notioedy the inclination^ or dip of the strata 
— ^the chemical composition of the rock — ^tlie 
number and size of the quartzose veins that 
intersect it^ &c. Where the schistose strata 
have a cqnsiderable underlie* tlie superincum- 
bent soils are usually light, hungry^ and un- 
grateful; the soluble ingredients are washed; 
away, and the manure- which is applied, passra 
off through the fissures of the strata, and con- 
sequently produces only a transient benefit to 
the land. That the composition and texture, 
of the slate rock exerts also an infiuenciB upim 
the fertility of the, superincumbent soil, is a fact 
equally evident ; where, for instance, its frac- 
ture is siliceous, and its texture resists disin- 
tegration, we may be generally led to the in- 
ference, that such. a district is inferior in fer- 
tility. I tiave seen well marked examples of 
the relative value of slaty, soils depending upoa 
such.. a circumstance; for instance^ on the 
north-eastern side of. Godolphin Hill^ the 
schistose soil exceeds in value at least one- 
tliird that upon the noithern side ; upon ex- 
amining the slaty substratum, it will appear 
that; the former is friable^ <^md almQ$t earthy, / 
whereas the latter is siliceoujs and brittle. I 
have generally observed, that where the. ^te; 
has a. disposition to shiver into thin laminse, 
the superincumbent soil is poor. 'The im- 
provement of such districts is to be effected by 
the application of the same principles ,f^ those 
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reeommended for tie amelioration of grawalt 
famd^ 

The next soil wbicfa presents itself to oar 
notice^ is that superincumbent ' upon the var 
rieties of hornblende rocks; these^ of course^ 
yary as much as the nature of the rock which 
produces them ; they aH^ however^ exhibit the 
same characteristic peculiarities. I shall, there- 
fore^ for the sake of penqiicuity, comprehend 
them under the general name cf hornblende 

AH the Tarieties of this soil are more com* 
pficated in their composition than those which 
haTe been already described, and they urn-* 
TCfsally constitnte the richest and most fertile 
parts of the county ; if, upon taking an estate, 
file farmer discovers any blocks of this rock, 
which is known by the provincial name of dun 
mr iron-sUme, he may, congratulate himself upon 
the circumstance, for it is generally an omen of 
the land's fertility, or, at least, of its capability 
of improvement. Notwithstanding the den- 
sity and hardness of this rock, it decomposes 
most mpidly, apparently in consequence of the 
disposition which its ferruginous elements pos- 
fib^Si to combine with oxygen ; this fiu^t is seen 
In the^ochreous appearance of the different &ces 
of the stone, and which has bestowed upon it 
the popular name of iren-stane : experience 
has also at length taught the inhabitants a feet 
which theory cfould easily have anticipated^ 
that this stone, notwithstanding its hardness, is 
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by no means a durable material for the repair 
of public roads. The colour of this soil has a 
reddish hue from the pr^encb of iron ; it con- 
tains in its composition a considerable portion 
of aluminous earth, and more vegetable matter 
than in the other soils ; thid depends upon u 
greater disposition in the earthy elements io 
combine with it; I have also found many 
saline compounds ; indeed/ it would seem that 
the internal changes which take place in these 
soils^ are more numerous and rapid than in the 
others before mentioned : the iron, no doubts 
contributes essentially to these changes. I 
have already in my paper upon the '' Recent 
Sandstone of Cornwall/' alluded to the impor- 
tant agencies of this mineral body^ and the 
pi'osent enquiry is capable of affording a far- 
ther illustration of its extensive influence in the 
OBdonomy |of the earth's suriace ; amongst the 
saline- bodies which abound in hornblende 
soUs, is sulphate of lime, probably the result 
of a play of affinities between the calcareous 
sand witli which it is manured^ and the salts of 
iron which are derived from the decomposition 
of the pyrites with which hoMblende rocks so 
universally abound. Nitrate of potass is also ^/ 
a salt,, which very frequently occurs in abund- 
ance; in the fertile lands at Alverton^ near 
Penzance^ it may^ in dry weather, be cbllected 
in great quantities, in a state of efflorescence ; 
how far the presence of this substance in- 
fluences the fertility .of the soil, I am not 
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priq^e^ to siay^ but Dr. Clarke has an ob$er-' 
vation in. his itravels in Russia^ wliich is we\l 
worthy of notice. '' The earth, is stroijigly 
ixnpragnated with 'titrate of. potase iu all- the 
environs of Woronet^^ ai)d it is to the .presence 
of this mhieral that the extraordinary fertiUt)! 
pf the Ukraine has been attributed. The 
^hole ^ountry^ south of Tula^ ^hounds with 
it; insomueh that it sonietiines etllorepces <xn. 
the spil« and several fabrics for extracting it 
have b^en established*" • 

There is no part of the county where the 
superior fertility of hornblende soils may .not 
be witnessed : in the Mount's Bay, the la^t is 
most striking. The shores of this beautiful 
b^y, in the vicinity of Penzance, consist prin- 
cipally of hornblende rqck and slate, and their 
fertility is not exceeded. in any part of the 
kingdom; a belt of land around this town^ 
consisting of one thousand acres, produces a 
rent of j£iO,000 per annum ! All hornbleude 
soils, however, are not equally fertile, as 1 lunve 
before stated, a fact, which depends upon th^ 
structure of the rock> and seems to ojOier a^io- 
ther point of analogy between hornblende 
rocks and basalt, and lava. M, Cordier^ b^s 
lately examined this lastsubstance, withaview 
to explain why some currents of lava remain 
always sterile, while others are speedily covere4 

• 

^ * In a memoir read before the Royal Institute of Finance 

on the origin of basalt and wacko rocks.. • , , -* 
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with the. finest vegetation ; 'and he found this* 
tbisfjUfer^nce^' depended upon the degree of 
lEitrification iwhcchi the lava h^d undergone. \ 
•:• Where the^hiiTiiblende rock has a consider-' 
able • proportion of £aki^Mr ' jq i ts composition; 
ks fertili^iMg indQeneeiiis*ifiir1^r«^ncreased; aisl 
is seen in the ^ieilitie tfofTDiatxbti sAf Si: KeyerneJ 
The lands between/ the /chtwrtAErnDdiis' parish 
and CoveraoGove, conttitute one *o(! tbe«moM T^ 
extraordinary districts i» ' the' kingdom/ preU 
senting a rare combination ' of . rudeness and 
fertility; gigantic boulders^ and. fmgint^fitSi of 
sienite, lie scattered in all directicmsy-andtyist* 
in point of luxuriant fruitfulnegs, this couhtry 
may be ^denominated the Garden 4if Com wali;/il 

Decomposed >siemte, as may bei sebii iUftfoe ^ 
vieiility of -Menacchan/ especially r in passing 
from this village to Tregonwell Mill, is ^sxteiii 
sively applied as a manure to- slate Jatndsii^ 
that district> and, as I understood, with evident 
advantage. In the parish of Mullyan, a de- 
composing greensto»e is very exteni^vely ap* 
plied as a manure. ' r 

The last soil which I have to mention is that 
superincumbent upon serpentine ; this, in com- 
parison with the foregoing ones, is limited in 
extent, occurring^ only, in the peninsula of the 
Lizard, and in a circumscribed spot near 
Ijiskeard/ If we consider the '' Lizard^^penin^ 
$ula" to consist of the lands south of a line 
drawn from the Helford Harbour to the Loe 
Bar,' it will be found that the serpentine soil 
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will just oceopy one-tfiiid of rte area. Thk 
wAl, although inferior in fertility to that of 
many districts in Gorawall^ is by no means so 
tttf iie as we riiouU haiFO expoeted from the 
abimdanee of magnestan learth kk its composi^ 
tion* In France we have «i example of a 
large ehalk district tendered barren by the 
presence of magnesian earth.* No opportu- 
wty has been affEnrded me o^ ^xamiairig in 
detail the peculiar characters and relations of 
seqpentiae soil ; I hope • that some other mem^ 
ber of the Seciety will prosecute the enquiry. 
-f — To the botanic this district is well known as 
the habitat of the erica vagang. This eli^ant 
heath seems to find a magnesian •soil not only 
ocngenial, but essential to Its eitistence, for 
notwithsAandiag its profusion on Goonhilly 
Dowas, not a single specimen is to be found 
beyond the line which defines the bouiHlary of 
the serpentine formation. The botanist will 
be ^lad to learn tlmt I have gathered it in the 
vicinity of Clickertonr^ ttear Liskeard^ where 
the serpeiltine formaticm again betrays itself; 
accompanied with an evident deterioration of 
soil in its immediate vicinity, 

When it is oonsidered how ccMistantly the 
rocks of Cornwall arQ intersected by metallie 
and other veins^ carrying every species of mi* 
neral matter, it cannot be deemed extracHdi^ 
nary^ if we occasionally find some rare salts in 

« Xxwi. Ge0l. Societjr of Loadon; tqI U. p. U5. 
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its soiUft The Rev. WiUwm Gr^^r ^nd ifi 
A selti^tose soil, near Creed, and adso in tbe 
.yicinity of Helslpiii^ Beveral uncommoa s«ib^ 
«ti|iices^ attiongfrt which :wa8 a muriate of inam- 
^i^nese. In the vkiiiUy cf jRedruth I delected 
A considerable proportion of ' ^uipkate of irom ; 
the soil ^hich contained it iiad- not been mar 
Jliiredy as I was inforaiei, by ealcaneous sand, 
pr it might probably have been oonTerted int^ 
gjfp^um. Yeans of iron appew to imprdve the 
country through which they pass. I have seen 
an example of this 6iJCt in the parisdi of St 
JVIewan. 

' |n the view which has beenjust t^en of th^ 
geological structui^e of Cornwall^ in referenee 
to its agricultural oaconomy^ it would BfifeM 
that the fertility is much . greater diaa that 
which usually occurs in a country composed of 
primitive rocks. This peculiarity, however, is 
not greater than that which distinguishes its 
geological character ; granitic .countries usual* 
ly present a bold and varied outline^ whareas 
the aspect of Cornwall is tame and uniform. 
^^ 1 went into Cornwall^" said a geologist d 
well known celebrity, '' to see an e:xample ofi 
a primitive country, but instead of an example> 
X found an ei^e^fitioa.''. 

. T^e «aiae observation would apply to the 
agricultural character of the county. In ge* 
neral, primitive formations disintegrate into 
rugged piles^ whose acclivities are too steep^o 
allow any accumulation of soiU a^d conse- 
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quently ttuey but rare!/ conkitute the^fertite 
phrts of the globe. As far as the imperfect 
-sttite of our knowledge tviU allow us to gene- 
-ralhie, it would appMr tfaM i^rimitite rocks are 
faccumtdated towards- ^ poles^ and that the 
'^reat masi^ ^fsicoNDARvfomiations is found to 
-occupy the -n^iddle and ^ Southern latitudek^ 
wjiieh coaaliCiite a portion o( the globe etni* 
tiently Calculated for the abod^ of tnan^ and of 
the dfnimuls which are subservient lb his wants^ 
or indispensable to his comfort. This obser- 
vation, however/ must be regarded only as a 
loose and vague conjecture ; nor should* I have 
ifllroduced it into this memoir, had "it hot 
eoincided with the resuh of the extensive and 
laborious researches of a celebrated geologist^ 
who has tMversed • the continents of Europe 
and America/ with the view of examining their 
geological structure and relations ; I need not 
state that I allnde to Mr. Maclure, of Phila- 
delphia^ a name well kiiown to our Society 

« 

from the splendid map of the United States of 
America^ and the sbite of specimens illustrative 
of their gooloigy, which have been lately pre- 
sented by that gentleman.- 

By an arrangement of rocks similar to that 
which I have stated^ nature is continually heap- 
ing^ in the middle and southern latitudes^ the 
matter consolidated by the action of animal and 
vegetable life, and mighty therefore, as Mr. 
M aclure ingeniously observed, tend to augment 
the diameter of the globe in those? places, and 
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of course to give the appearance of flatness to 
the poles. 

I shall conclude these notes on the soils of 
ComwttU^ with a few obseryations upon the 
different kinds of mineral manure which are 
applied for their cultivation and improvement. 

Sea sand is very generally used for this pur- 
pose^ but as this substance is various in its 
composition^ it is obvious that its operation , 
must be vcJry different in different parts of the • / 
country; its mechanical action^ however^ in ; 
dividing the particles of the soil^ applies equally 
to every kind ; it moreover may be said gene- 
rally to impart a small quantity of sea salt to 
the soil. 

Calcareous sand^ consisting of comminuted 
shells^ is the species more generally employed;' 
and the quantity which is every season carried 
away from different parts of the coast for the 
purpose of manure^ almost exceeds belief From 
Bude, in the parish of Stratton^ it has been 
ascertained that in one day as many as four 
tbousan4 horse loads have been taken; and 
from the harbour of Padstow, it has been com- 
puted^ that fifty-four thousand cart loads SiVe 
annually carried. The expense of land car- 
riage for sand^ used in the county^ has been 
considered as amounting^ at leasts to thirty, 
thousand pounds annually. 

With respect to the composition of '' shelly 
sand/' it will be found to vary with the state 
of the tide, and the direction of the wind,, 

N 
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circumstances which the ^mer ought. always 
to notice ; for when the wind is blowing* off 
land^ the lighter particles of the sand are 
thrown upon the beach, and it is mit» cal- 
careous in its composition. On examining 
samples of the sand usually employed, I have . 
found it generally to contain from 60 to 64 per 
cent. ' of carbonate of lime. That its beneficial 
operation depends upon the presence of cal- , 
careous matter there cannot be any doubt, but 
at the same time, we arc borne out by unequi-. 
vocal facts in believing, that the sea salty with 
which it is impregnated, contributes materially 
to its fertiUsing powers. This opinion I have 
lately stated before a Committee of the House 
of Commons, appointed to enquire into the 
laws respecting the Salt Duties, and I am anxi* . 
ous to record such an opinion in this idemoir. . 
Amongst the facts to which I alhide, as bear- . 
ing strong testimony to the truth of this opi* 
nion, is the striking circumstance of the farmers, 
sending several miles to the harbour of Pad* 
stow for the very sand which is drifted to their 
lands, am] might, therefore, be obtained with 
little trouble, and no expense. 

The calcareous matter of the sand' would, 
seem to undergo different changes, and to be 
disposed of more or less readily^ in the different., 
kinds of soils to which it is applied ; its con- 
version into gypstmi, or sulphate of lime, aa I 
have already mentioTied, appears occasionally to. 
take place. In growan soils it undergoes the 
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least change. I examined several of these 
soils^ that had not received a sanding for a 
considersd>le length of time^ and I found them 
to contain about five per cent, of carbonate of 
lime^ two-thirds of which were in the form of 
* an impalpable powder^ and the remaining one- 
third in that of fine sand. A series of com- 
parative experiments made with different soils^ 
would furnish interesting and important re- 
sults. On the supposition that the action of 
this sand was purely chemical^ our worthy Pre- 
sideiit suggested the probability of gaining 
some advantage by previously grinding it 
so as to reduce it to an impalpable pow^ 
der. Mr. Bucestow^ an intelligent farmer^ 
accordingly made the experiment^ and he states 
that the result was favourable ; no conclusion 
however can be drawn from one experiment ; 
numerous and repeated trials are necessary to 
establish the utility of any practice^ in an art so 
obscure as that of applying with success the 
different species of mineral manure. 

How far the presence of gypsum in any of 
the soils of Cornwall may contribute to their 
fertility^ is a subject well worthy of farther 
investigation. I have already shewn that it 
might be easily produced by the admixture of 
calcareous sand and decomposing pyrites : ex- 
amples in which the elements of these bodies^ 
when presented to each other under circum- 
stances favourable to chemical action^ enter 
into new combinations^ and produce gypsum, 

N 2 



196 Dr. Paris on the 

9Lte familiar, and I have already dwelt opon 
the subject in a former paper: I miglit now 
remind the mineralogist of many more in- 
stances, amongst which are the weH known 
specimens of oyster shells studded with crystals 
of selenite from Shotover, evidently produced 
by the action of sulphate of iron upon their 
calcareous elements. The same theory will 
also explain the generation of alum, from 
aluminous shale^ at the Hurlet Mine, near 
Glasgow. 

The use of gypsum as a manure has been 
questioned by several intelligent farmers : va- 
rious testimonies however in favour of its 
efficacy, have been presented to the Board of 
Agriculture by Mr. Smith ; it must, neverthe- 
less, be admitted, that in this kingdom it has 
never been employed with the signal success 
which marked its adoption in America, and 
which was so palpable and extraordinary, as to 
have at once ensured its universal introduction. 
Whenever any doubt or hesitation betrayed 
itself with respect to the extent of its fertilizing 
agency, it was only necessary to sprinkle a 
small quantity on a meadow, in order to pro- 
duce entire conviction, and this was listially 
done in the form of letters, or characters^ 
which in a few days became so much more 
luxuriant than the surrounding grass, as to be 
visible at a considerable distance : it is, I 
understand from Mr. Maclure, chiefly applied 
to grass lands as a top dressing, in the propor* 
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tion of one bushel, weighing 70 lbs. to an acre, 
and the Americans explain its operation by sup- 
posing it to depend upon its solubility in water, 
and its consequent absorption by the roots of 
the grass ; they have accordingly found that 
by burning it, and thereby diminishing its so- 
lubility in water, fifty or sixty bushels are not 
so.efficient as one, before it undergoes that ope- 
ration . 

•When this substance was first introduced 
into America, which was about twenty-five years 
ago, it was imported from the quarries of 
Montmartre, and in such request was it, that 
a bushel of wheat was usually given for the 
same measure of gypsum ; it is now obtained I 
from Nova Scotia, not having been hitherto 
found within the States ,* and it may perhaps 
serve to convey some idea of the extent to 
which it is applied, when I state that Mr. 
•Maclure assured me that not less than three 
hundred vessels are constantly employed in 
. the traffic, and that in Philadelphia twenty mer- 
chants at least are solely engaged, in supplying 
the demand for it. Its efficacy appears to be 
considerably encreased by applying it in a 
minute state of division, and a want of atten- 
tion to this circumstance may possibly have 
rendered v its advantages less conspicuous in 
England. In America three or four hundred | 
mills, of a peculiar construction, have been 
erected in different parts, with which it is 
gcaund to an impalpable powder. It appears^ 
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however, never to answer so well within 
fifteen or twenty miles of the sea, nor in wet 
lands ; this, perhaps, may have been another 
'source of disappointment. We, may infer, 
therefore, that the value of the application may 
•vary with the character of the soil, especially 
as it regards its power of absorbing* and retain- 
ing moisture ; many valuable hints upon this 
point are to be found in Sir H. Davy's masterly 
system of agricultural chemistry. 

It is undoubtedly necessary, before we can 
hope to apply any mineral manure with advan- 
tage, to understand the nature of its operation ; 
I trust, therefore, that I may be excused for 
hazarding the following theory in explanation 
of the modus operandi of sulphate of lime. 
The solubility of this substance in water affords 
a great facility to its introduction into the cir- 
culating fluids of a plant, and hence whatever 
diminishes this property diminishes also its 
fertilizing powers ; it is thus, therefore, enabled 
to penetrate and pervade the whole vegetable 
organization, and to enter into combination 
with its woody fibre, by which the density of 
its texture will be encreased, and conse- 
quently the vascularity of . the plant, and 
the evaporation from its leaves, in the same • 
ratio, diminished : from these views it would - 
appear that gypsum does not act by eiffecting 
any chemical change in the soil, but solely by 
-^ diminishing the plant's evaporation ; this idea * 
seems to be fully borne out by the evideno© 
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which is fbrniriied by the d i fferenl di^uinstaQces 
attenditig the operation of. this manure : \re 
find^ foi^. example, that socculent vegetables^ 
planted on dry soils^ are those which are prin- 
cipally benefitied by its application, and that 
the varioas grasses. so manured, retain their 
verdure in the driest season^ and on the mc^t 
arid lands ; and at the same time we £nd that 
these crops, especially clover, acquire a pro- 
portionate enci^ase in the density of tjbeir 
fibres, that is to say, they become much more 
rank and stubhori), and often to such a degree^, 
that in America, where its effects are best 
known, sheep frequently refuse feeding upon 
the stalks: by analysis^ gypsum would most 
probably be discovered in their composition^ but 
I have had no opportunity of submitting them 
to experiment. Upon the same principle we 
find that under circnmstances^ or in situations, 
where the evaporation from a plant is provided 
for by a constant supply of moisture, that such 
a check to it becomes unnecessary, and there- 
fore that the effects of gypsum cease to be 
apparent. 

It remains for me to conclude these notes 
upon the soils of Cornwall with an apology for 
their numberless imperfections, and for the 
abrupt and unsatisfactory way in which I have 
dismissed many of the more important points 
of the enquiry. The truth is, that with this 
memoir 1 abandon the study of geology. Tlie 
pursuit of the science commenced with my 
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residence in this interesting county, and it must 
terminate with it. I part with it^ however^ 
with the reluctance of an old friend^ who has 
furnished me with much delight and amuse- 
ment^ during the exercise of a laborious and 
anxious profession . That I may not be seduced 
from my present resolution, although I have 
notj like Bishop Watson^ in imitation of the 
idolaters of old^ burned my books, yet I have 
taken a no less effectual step to wean myself 
from the pursuit— I have given ^way my miner* 
ido^ical specimens. 
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JlT is well known that the grain tin of Corn- 
wall sells for a much higher price than the 
block tin, which is produced in the same coun- 
ty ; and that this difference in their value arises 
from the greater purity of the former, which 
renders it more fit for a variety of purposes. 

The causes of this difference in the purity of 
the two sorts, are generally supposed to be of 
such a nature as not to be removed or modi** 
fied ; stream tin alone, as it is said, being fit 
for the production of grain tin, and the quan- 
tity of grain tin being necessarily limited by 
the supply of that fuel which is peculiarly 
adapted to it« 
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This, I believe^ is the popniar opinion^ and 
with all the respect which is due to it^ I am 
nevertheless disposed to think that it is falla- 
cious. 

For although it be true that the produce of a 
blowing-house must necessarily depend on the 
supply of that sort of fuel which is fit for it ; 
vet it is by no means clear that coak may 
not be^subs^tituted for charcoal, and that block 
tin may not be converted by a process of re- 
fining into grain tin. 

I was led to form this conclusion by a short 
view which I todc of the operations in a blow- 
ing-house in the autumn of 1791. 

It appeared to me that as tin was specifically 
lighter than most metals, and more fusible than 
most, some advantage might be tak^n of these 
two combined circumstances to refine even the 
impnrest mixture of tin by precipitation. 

Asl had no opportunity of submitting my 
ideas to the test of experiment, the observa- 
tions which I drew up and communicated to 
my friend, Mr. William Gregor, would have 
remained in that oblivion which results from 
a pursuit long since abandoned, had I not been 
informed that the attention of this Society was 
by no means exclusively directed to an object 
J[the mineral history of Cornwall) which, under 
the direction of its zealous and enlightened 
secretary, it was so well calculated to promote ; 
but that no hint which might be offered for the 
improvement of the mining and metaliur^cal 
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opei^ations of this county, wouM pass uni re- 
garded. 

The question/ indeed, whether block tin may 
be refined in the way that I have suggested, is so 
iritimatety connected with the interest of Corn* • 
wall, that I need no apology for submitting to* 
the Society the result of my imperfect endea- 
vour to answer it. 

It is fair, however, in this place to state, that 
I found I had been anticipated in the ideas 
which suggested this improvement, by two 
very able French chemists, Messrs Bayen and 
Charlard, who, in the course of their enqui- 
ries into the causes of those poisonous effects 
which were ascribed in France to the use of 
pewter, made the following observations on the 
quality of our Cornish tin. 

Messrs. Bayen and Charlard found the Wes^t 
Cornish grain tin, the Banca tin, and the 
Malacca tin, to be equally malleable ; ancl 
that they could be bent a long while in differ- 
ent directions without breaking. They pos-< 
sessed this flexibility and softness to such a< 
degree, that tin alloyed with the minutest por - 
tions of arsenic could not be put into any soi;t 
of competition with them. Bayen affirms th at 
these three sorts of tin are pure, i. e. free 
from all natural and artificial admixture, ajid 
as perfectly equal in this respect, as gold of 24 
carats, or silver of 8 ounces, from the Euro- 
pean or South American mines. 

On tKe other hand, Geoffroy observes of the 
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I^ock tin^ that it varies in fineness in different 
parts of the same block ; '' the upper part, he 
Bays, is very malleable, and so pliable as not to 
.be fit fyr working before it has had a mixtiure 
of copper in the proportion of 3, and 3ome- 
,times of 5 lb. in the cwt. The middle part of 
the block is harder, aad requires only 2 lb. in 
the cwt and the bottom part is so brittle as to 
require lead before it can be worked/' 

This perhaps gave occasion to the common 
opinion in France, that the exportation of pure 
English tin was prohibited,, and that a certain 
portion of alloy was prescribed by law. 

The observation of Geoffioy induced Mr. 
Bay en to express a wish to procure more infor- 
mation concerning the smelting of tin in Corn- 
wall. ^' For instance/' says he> ^"^ whether the 
English have any other means of producing 
pure tin than the separation af the upper part 
of these blacks, and whether merely for the 
reason cited by GeofFroy, they add a portion of 
copper and lead. Does ndt tjie precipitation 
of a heavier substance to the bottom o f the 
mass, and this spontaneous purification of it, re- 
quire a more circumstantial explanation ? And 
may we not suppose that some time is require^ 
to effect this separation, and even the art of 
preserving the moulds hot to a certain degree, 
in order to prolong the fluid state of the metal; 
by which nxeans the extraneous-and more heavy 
substances are completely separated from the 
upj)er part of the blocks, less completely from 
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the middle part, precipitated to the bottom,' 
and there fixed by refrigeration/' 

Mr* Bayen suspects this to be the most secret 
part of the process of tin-smelting in Cornwall, 
and cdnfirms the idea of the spontaneous pre- 
cipitation by some experiments, of his own. 

After holdhig several masses of tin 24 hours 
in fusion^ he invariably observed that all those' 
which contained copper, bismuth, and lead, 
contained tin of two kinds at least. The upper 
part held little of this mixture, the lower much. 
He was assured by the pewterer, in answer to 
his enquiries, that sometimes after smelting a 
considerable quantity of tin at once, they found 
at the bottom of the mass some pounds of the 
metal so brittle as not to be fit for use. To 
prevent which separation from taking place, 
they were accustomed to stir it gently round 
from time to time, during the fusion, with the 
iron ladle with \fhich they afterwards pour it 
into the moulds. 

With the same view to preserve an equal 
mixtuie in the mass, I have observed that the 
Saxon blowers do not permit it to subside in a 
mould like other metals, but after a careful' 
stirring of the fluid tin in the float, pour it 
over a broad sheet of iron, where it instantly 
coagulates in the form of a thin plate. 

The above-mentioned observations shew how 
quickly the precipitation of the heterogenous 
metals takes place, and how early it must have 
occurred to the rudest empiric that some use 
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might be inade of it. Accardingly^ t6i^ prin* 
ciple seems to have long been the badi» in some, 
measure of the process of refiuii^ gvahi tin' in 
Cornwall, although unfoktanately, from a toif^l 
want of science, and a blind adherence to tra- 
ditionary practice, the Cornish Uower has not 
availed himself of it, to the extent to which he 
might have carried it, as will appear from the 
following account of bis process. 

The Cornish refiner teams the metal from the 
float into a cauldron of cast iron, and main* 
tains its fluidity by a small fire 'beneatiii^ du* 
ring the space of four hours. During thia 
time, green branches previously attached to 
the bottom of the kettle by a mechanical cott- 
trivance, produce a great ebullition in tiie 
fluid mass. 

At the end of three hours, the ^ood being re- 
moved, the ebullition ceases, and the mass is 
suftered to rest one hour, in which time -the 
heavier parta of the fluid subside. The upper 
part (about j) is then carefully laded o^T and 
poured into moulds. 

It is difficult to conceive What good effects 
in the purification of the mass, so long a heat 
and this ebullition can produce. It appears 
then that the principles upon >vhich the pro^ 
cess ought to.be founded, are very imperfectly^ 
if they are at all understood by the Cornish 
refiner. The true process, as I have already 
observed, is a precipitation which sponta- 
neously takes place in every mass of fluid tin 
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which contains an admixture of otber metals, 
in oonfiisqMiloe either of their greater specific 
gravity, or of the greater degree of heat 
which ia necessary to keep them in a state of 
fluidity : those metals which cannot be sepa- 
rated from tin by the difference in their specific 
gravity alone, (as is the case I believe with i 
zinc) being readily precipitated by refrige- 
ration. 

It is well known, in fact^ that tin longer m* • 
tains its fluidity than ahnost any other metal^ 
and that most metals -are heavier in a. fixed 
than in a fluid state. - .This last is the case, ac- 
cording to Reaumur, with silver, copper, lead, 
and tin ; for if you cast into a mass of either in 
fusion a piece of the hard metal, it will imme- 
diately sink to the bottom. Rut it is not the 
case, I believe, either with iron or with anti- 
mony : for whatever may be the law of dila- ' 
tation by heat in fluid metals, their greater or 
less solidity, when fixed, must depend in some 
measure upon a certain crystalline arrange- 
ment which the particles assume at the moment 
of coagulation. Now antimony rarely, if ever, 
occurs in the mixture which is exposed to fu- 
sion ; and the specific gravity of iron com- 
pared with that of tin, is, according to Sir 
Humphry Davy, (vide his Chemistry) as 7.70 
to 7*89; and the . difference must be greater 
when both arise in a fluid state, as iron ex- 
pands while tin contracts by setting. It fol- 
lows therefore from all these considerations. 
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that a partial application of hc^at to the superior 
parts of the fluid mass, if it could be effected^ 
and a partial removal of it from the lower and 
impurer^ must greatly promote this precipita- 
tion of the heterogeneous metslls*. 

I proceed now to consider in what manner^ 
a process which is founded on these prmciples^ 
may best be carried into effect. 

Ist. — In order that a more complete division 
of tiie different qualities of the mass may take 
placCj I propose that the reBning vessel should 
be of a higher and a more narrow form than 
that which is at present in use : for if we sup- 
pose the sides of this vessel to be exposed to an 
equal heat^ the degrees of this separation will 
extend in proportion to the protraction of the 
cylinder. 

gdly . — The fire should be applied not to the 
bottom of the vessel as at present, but to its 
whole circumference. 

It appears to me that this is a necessary con- 
sequence of the alteration in the form of the 
vessel ; otherwise^ the metal, although fluid at 
bottom, might have a tendency to coagulate at 
top, where, • in order to facilitate the precipita- 
tion of the heavier and heterogeneous parts^ a 
greater degree of fluidity ought to prevail. 

3dly.— It would greatly conduce to the suc- 
cess of the preceding operation, if the diameter 
of the vessel were made gradually to diminish 

* This is precisely the reverse of the process of eii* 
nation; 
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. from the bottom to the orifice, by which means 
the upper part would be exposed to the nearer 
action of the fire. The duration of the fluidity 
depends on the degree of purity of the mass, 
and may be regulated by experiments. 

4thly.— In order to enable the refiner to draw 
off the purer parts of the mass without dis- 
turbance, I would recommend that tap-holes 
should be applied at different elevations, to the 
sides of the cylinder. 

SUily.—Previous to the tapping, the external 
heat should be diminished, and a gradual re- 
frigeration take place from the bottom to the 
surface of the mass, the different qualities of 
which may be tapped off in succession. 

Having had no opportunity of submitting to 
the test of experience the process which 1 here 
recommend to the notice of practical men, I am 
well aware of the possibility that the result may 
prove somewhat different from what is here 
contemplated. 

Some causes of obstruction may arise from, 
ihe attractions of metals to each other in a 
flmd state, not being perfectly understood. 
Some metallic mixtures too possess a less de- 
gree of density than might be inferred, by cal- 
culation, from the density of the several in- 
gredients. It is true, likewise, that tm most 
readily unites with iron, and dissolves it in a 
heat^&r less than that in which iron by 
Itself mefts : it will consequently retain the 
iron longer in fusion. I suspect too that the 
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contraction which is usually the consequence 
of a metal passing from a fluid into a fixed 
state, must depend in some measure upon the 
period of refrigeration. The following useful 
remarks on this process are contained in a 
letter from Mr. Wm. Gregor, of tlie date of 
1793. " I should think that experiments on 
the alloy of iron and tin would be useful, in 
order to discover the maximum of iron which a 
given quantity of tin would take up. I ^ould 
also like to 'know, whether, in a Jong perpen- 
dicular cylinder of tin which is alloyed witli 
iron and kept in different heats, the specific 
gravity increases in any determinate ratio, ac- 
cording to the distance from the surface, and 
at what distance is the maximum. As the iron 
over and above the quantity which tin can take 
up in a heat that will keep it in a melted 
state, is only kept from precipitation by the 
friction which . its particles meet with in their 
descent, would any mechduical motion, such 
as a smaH concussion, communicated to the 
melted mass, contribute in any way to the 
further descent of the particles of iron V* 

On consulting the very elaborate work on iron 
by Rinman, I found that the dissolution pf one 
part of raw iron requires 22 parts of tin, and 
that this mixture is somewhat harder than tin. 
He says too, that sulphur muclv facilitates this 
combination, i. e., it enables portions of each 
metal more nearly equal, to unite ; and that 
the same effect is produced by arsenic in a re- 
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^ine state^ when added to the mixture of the 
t^o metals. 

According to Rinman^ the change which is 
most observable . in tin which is alloyed with 
the least portion of iron^ is^ that it does not 
crackle when bent. An easy trial too of ita 
purity may be made by its flexibility; for 
small round bars of tin^ a line in thickness and 
six inches long^ may be bent 80 times back^ 
wards and forwards in an angle of 90 degrees^ 
without breaking. 
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XVIII. — On the Introduction of the Steam 
Engine to the Peruvian Mines. 

By henry BOASE, Esq. 

TREASURER TO THE SOCIETT. 

(Read at the Anniversarj Meeting^ Sept. I8l7.> 



jgLS the introduction of Cornish machinery 
and Cornish intellect to the Spanish American 
mines^ hitherto interdicted to foreigners, will 
probably form a remarkable epoch in the his- 
tory of mineralogy, some notices of that sin- 
gular event, may perhaps be deemed worthy 
of record in the annals of the Cornwall Geolo- 
gical Society. 

Occurrences trivial in themselves, and appa-% 
rently fortuitous, sometimes lead to important 
results. Among the captains, or foremen, of 
our Cornish mines, there are not a few, who, 
in addition to ^reat skill in practical minings 
attain to much mechanical knowledge and in« 
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genuity. Captain Richard Trevithick, of Cam- 
borae^ is one of that superior class of miners^ 
and one whose talents and attention had been 
long employed in plans to increase the power 
of the steam engine. He so far succeeded as 
at length to obtain a patent for his invention. . 
In the mean time he had constructed a working 
model of his high pressure engine, which was 
so perfectly finished^ that it found its way to 
London as a cabinet curiosity. 

About the same period^ a native of Switzer-* 
land^ M. Frangois Uville, had found in Peru 
some of the richest mines falling into decay> 
or totally drowned from the impossibility of 
draining them by manual labour ; and hearing 
also that these mines were richer in silver ore 
than those of Mexico, he conceived the idea of 
introducing the steam engine, and determined 
to make the requisite enquiries when he re- 
turned to Europe. It appears that he came to 
London in the year 18H, but met with no en* 
couragement to pursue his plan, on account of 
the impossibility, as it was thought, of trans- 
porting such ponderous materials several hun- 
dred miles over mountains inaccessible to any 
species of wheel carriage ; and also from the 
inefficacy of steam in an atmosphere so rare as 
that on the elevation of the Peruvian Cordil- 
leras. About to leave England in despair of 
accomplishing his great object, and passing by 
Fitzroy-square, he accidentally saw the model 
of a steam engine exposed for sale in the sl^op 
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of a Mr. Koland. H6 es:amined it, and being* 
struck with the simpMcity and excellence of the 
principle and construction, he purchased it at 
the price of twenty guineas. This was the 
Trevithick model. Mr. Uville took it to Lima, 
und hastened to try its effects on the highest 
ridges of Pasco. The experiment so convinced 
him and others of the adequacy of its powers 
and the practicability of conveying the ma- 
chinery in parts, that on the 17th July, 1813, 
)(^ he formed an association with Don Pedro 
Abadia and Don Jos^ Aresmendi, opulent meiv 
chants of Lima, for the purpose of contracting 
with the proprietors of the flooded mines. 
The "^ marquis de Concordia, then Viceroy of 
Peru, approved the plan, and, under his pro-? 
tection, the new company entered into con- 
tracts to draw several of the principal mines, 
for certain shares of the gross produce of ores, 
making an average ratio of 25 p^r cent, or one 
.fourth of the whole. These contracts were 
made in the jnonth of August, 1812, and in 
pursuance thereof Mr. Uville again embarked 
for Europe, and reaching Jamaica, he took his 
passage to Falmouth in the Pox Packet, Capt. 
Tilley, which arrived in the early part of the 
summer, 1813. Mr. Uville's mind was too 
full of the flattering expectations which his 
scheme inspired, not to be making frequent 
enquiries among his fellow passengers about 
mines and engines. One day conversing on 
(hi$ favorite subject with a Mr. T^gue, 9Xki 
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expressing an anxious wish to find out^ if pos- 
sible, the author of the model he carried to 
Lima^ he was most agreeably surprised to hear 
Mr. Teague reply : '' Mr. Trevi thick is my 
near relative, and within a few hours after our 
arrival at Falmouth, I can bring you together/' 
It so happened accordingly, and in conse- 
quence Mr. Uville resided several months with 
Capt. Trevithick at Camborne, and was by 
him instructed in the practice of mining, and 
in the management of machinery. 

After acquiring much practical information 
in Cornwall, Mr. Uvill.e, accompanied by Mr. 
Trevithick, visited other mining districts, and 
London. He was introduced by a scientific 
gentleman, Mr. Campbell, of the East India 
House, to Messrs. Bolton and Watt, as being the 
first steam engineers in the universe. He ex- 
plained to those gentlemen the elevation of tlie 
mines, and the mountainous precipices to be 
surmounted, and they were of opinion that 
it was not possible to attain the object in con- 
templation. 

Notwithstanding the weight of a decision 
firom such high authority, Capt. Trevithick was^ 
not deterred from the pursuit. He applied his 
mind intensely to some improvement of his 
high pressure engine, and, having succeeded, 
he entered into an engagement with Mr. Uvill6, 
on the 8th of January, 1814, to provide the ap- 
paratus for nine engines, which cost about 
j£lOjOOO»^and were dispatched by the ship Wild- 
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graciously received; welcomed by the most 
flattering attention of the inhabitants ; and his 
arrival was officially announced in the Lima 
gazette of the I2th February. By this gazette^ 
public notice was given of the completion of 
the second engine, said to be far superior in 
nze and beauty to the first, with a detail of 
the wonderful effects produced ; and announcing 
the reception of some parcels of ore of extra- 
ordinary richness, raised firom the mines thus 
restored by the operation of the steam engines ; 
and continues thus — ^' To this agreeable intel- 
ligence we have the happiness to add that of 
the arrival of the British ship Asp, from London^ 
having on board a large quantity of machinery 
consigned to the royal Mint of this City, and 
for constructing eight engines equal to those 
already erected on the Santa Rosa and 
Yauriacocha Mines in Pasco, with this ad- 
vaptage, that they are of the latest improve- 
ment. But that which is of still greater im- 
portance, is the arrival of Don Ricardo Tre- 
vithick, an eminent professor of mechanics^ 
machinery and mineralogy, inventor and con- 
structor of the engines of the last patent^ and 
who directed, in England, the execution of the 
machinery now at work in Pasco. This pro- 
fessor, with the assistance of the workmen who 
accompany hirri, can construct as many engines 
as shall be wanted in Peru, without the neces- 
sity of sending to Europe for any part of these 
vast machines. The excellent character of 
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y DoiL Ricardo^ and his ardent desires to ^o^ 
mote the interests of Peru^ recommend him 
to the hij^hest degree of public estimation, 
and make us hope that his arrival in this 
kingdom will form the epoch of its prosperity^ 
through the enjoyment of its internal riches^ 
which could not be realised without such assist* 
ance^ or if the British government had act 
permitted the exportation from England ; au 
object hitherto ^kiemed unattainable by all who 
know how jealous that nation is of all her su« 
perior inventions in the arts or industry.*' 

It is to be observed^ that the engine which 
has obtained such singular celebrity in South 
.America^ is on the principle of Capt. Tre- 
vithick's improvement, .whereby he sought^ 
through intense heat, to impart a greater 
elastic force to the steam, and which is neces- 
sary to its application in the rare atmosphere 
of very elevated regions : a result however not 
at all in contemplation when he was studying 
the improvement. 

So much importance was attached to Mr. 
Trevithick's personal superintendance, that 
the Viceroy ordered the Lord Warden of the 
mines to escort him with a guard of honor to 
the mining district, where the news of his 
arrival in America caused the greatest re- 
joicings ; and many of the chief men came to 
Lima, a distance of many days journey over the 
mountains, to welcome him. Mr. Uville wrote 
to his associates^ ^^ that heaven Jiad sent him 
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out for the prosperity of the mines ; and that 
the Lord Warden proposed to erect his statue 
in massy silver/' In this narrative of incidents, 
aknost romantic, it is not the least to be re- 
marked, that a Cornish miner should be found 
superintending the Royal Mint of Peru. Such, 
it appears, is the fact; and that Mr. Trevi- 
thick had also been directed to use his endea- 
vours to increase the powers of the coining 
machinery six fold : a circumstance which 
fihews the confidence of the government in ob- 
taining a vast increase of the precious metals. 
It was necessary to augment the power of a 
water wheel : but the means of so doing were 
to be found only within the enclosure of a con- 
vent of one of the strictest orders, into which 
it was not permitted for any male, (except the 
father confessor) on any pretence, to enter. 
The officers of the Mint, having before made 
every effort to obtain access, were so con- 
vinced of the utter impossibility of succeeding, 
that they could not be induced to renew the 
application. That which the strong arm of 
power had failed to do, Mr. Trevithick accom- 
plished ; and the triple doors were unbarred to 
a layman, a foreigner, and a heretic. Probably 
he had not yet learnt the fearful respect with 
which these consecrated retreats are regarded 
by the natives ; and unaccustomed to shrink 
from difficulties, he resolved to go straight forr 
ward, and boldly ask admission. Whether 
the novelty of such a visit, or a curiosity to 
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see the celebrated stranger^ removed the in- 
terdict, does not appear: entrance however 
was obtained ; and the manner and result 
cannot be so well told as in his own words. 
'' Without the knowledge . of Don Abadia, or 
any one except Mr. Page and my interpreter, 
I walked up, without seeming to know there 
was any objection to admit men, and rung the 
bell at , the outer door. A female slave came 
to the grate, to whom the interpreter told my 
name and business, which she carried in^ I^re- 
sently three aged nuns appeared, and said I 
could not be admitted. I informed them that 
I had come from England for the purpose of 
improving the Royal Mint, and could not pro- 
ceed without examining and measuring the 
water-courses. They then retired, and, after 
consultation^ we w^ere admitted, conducted 
over the premises, and shewn the chapel and 
other places without reserve." 

The latest accounts left Capt. Trevithick iii 
the enjoyment of increasing distinction, and a 
flattering prospect of great wealth : having, in 
addition, to his emoluments as patentee and 
engineer, one-fifth part or share in the Lima 
Company, from which, it is said> on a mode- 
rate computation, £100,000. per annum may 
be expected. His great influence in the Coun- 
try, his zeal for the prosperity of this Society, 
and the promises, repeated since his arrival in 
Peru, joined to his knowledge of xnineraiogy, 
will enrich our cabinets with a more splendid 
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and instructive series of South American spe-* 
cimens than has yet reached Europe. 

These notices of the extraordinary fact, of 
Cornwall stretching out the beneficent hand of 
science, to the remotest regions of the earthy 
will excite, perhaps, different feelings and an- 
ticipations in the mind of the statesman, the 
miner, and the merchant ; but the philosopher 
will rejoice in the diffusion of useful know- 
lege. He will hail with pleasure every approach 
to that free international communication of tjie 
benefits peculiar to eafch, which the best of 
men have wished, and the wisest recommended. 
In this instance we see the barriers of national 
jealousy and religious bigotry yielding to the 
force of truth. We have seen the unprece- 
dented phenomenon of a Lima gazette ex- 
toHing the superior attainments of foreigners^ 
and the liberality of the British government^ 
for imparting the benefits of our improve- 
ments. 

Whether '' the torrent of silver,'' which the 
Peruvian viceregal deputation so confidently 
anticipate, will produce effects analogous to 
those experienced in Europe by the great in- 
flux of the precious metals in the I6th cen- 
tury, and accelerate the march of improvement 
in art and science, may form a subject of cu- 
rious speculation. To a scientific society, it 
must always be pleasing to contemplate the 
progress of instruction : but at the same time 
it will be the cause of regret to the Membej^ 
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pf this Institution, that it may still be said^ 
' Cornwall has no school of mines — no pro- 
fessor's chair — no suitable encouragement to 
promote the pursuit of mineralogical science.* 
Shall we \^ait to be taught the value of such 
establishments by the half-peopled, half-civi- 
lized wilds of America? — I hope not. 



XIX. — Miscellaneous Notices of Facts, con- 
nected with the Miifieratogical, Geological, 
and (Economical History of the County of 
Cornwall. 

(Extracted from the Minute Book of the Society.) 



I . — KuPF£R-NlCK£I<. 

K.UPFER-NICKEL has lately been raised 
from a mine called Pengelly, in the parish of 
Saint Ewe;, at about twenty-five fathoms be- 
low the surface ; the lode runs east and west, 
and is about seven inches in thickness. This 
mineral may have been discovered before in 
some of our copper mines> but if I may trust 
to the result of my enquiries on the subject, it 
fe of very rare occurrence; the cabinet at 
Menabilly never contained a single specimen ; 
this point is dwelt upon because Professor 
Jameson places Cornwall the first upon the 
list of the habitats of kujfer-nickel ; whence 



Extracts from the Minute Book. 225 

we might conclude that it was met with very 
frequently. 

There is one curious circumstance apper- 
taining to the ore^ yiz. that it assumes a dif- 
ferent colour and external appearance; it is 
not the bronze-red ore only which contains 
nickel, but that portion of it also which has 
the semblance of arsenical pyrites ; a fragment 
of it well roasted leaves a green oxide, w^hence 
we are led to infer tliat the arsenic and nickel 
which form the alloy, if alloy it be, in this pre, 
vary in their relative proportions. 

William Gregor. 



II. — ^Cavern in Dolcoath Minx. 

Itt November of 1814, a large cavern was 
discovered in the principal vein in Dolcoath 
copper mine, at the depth of one hundred and 
seventy &thoms from the surface ; it is remark- 
able on account of its dimensions, being the 
largest ever found in the county : its form was 
very irregular, from eighteen to twenty fathoms 
in length, three fathoms high, and from four to 
nine feet wide ; in the lower part, and wedged 
between the walls, there are several rocks, be- 
tween which are spaces which communicate 
with other cavities below. The air is con- 
taminated with large quantities of fixed air^ 
and extinguishes flame. The country in which 

this cavero occurs is slate. 

JoHKi Rule. 
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III.— Stalactite!. 

At the forty fathom level, in the mipe called 
^^ Little Bounds/* at Cape Cornwall, a drift 
has been carried a considerable distance under 
the sea ; the agent, Mr. Chenalls, observed in 
this spot that there was a continual formation 
of stalactites. Dr. John Davy and Mr. Ma- 
jendie, in consequence of this report, visited 
the spot ; it had been closed for two years pre^ 
viously, and before it was shut up Mr. Chenalls 
had carefully removed all the stalactites which 
then existed. Upon examination, it was ob- 
served that a considerable formation of fresh 
stalactites had taken place during the interval 
just stated ; some were eighteen inches m 
length, and about one inch in diameter. The 
stalagmites directly underneath them are of 
much larger dimensions ; both have the same 
yellowish brown colour, and consist of oxide 
of iron. Dr. Paris has suggested that they are 
the result of decomposed pyrites, which fonn 
in the first place a sulphate of iron, that gra- 
dually loses its solubility by peroxidation, and 
is deposited in the form and manner which is 

here discovered. 

A. Majendie. 



IV. — GKEGonvrz (^Menacchanite) discovered at 

Lanarth. 

Some sand was lately sent to me by Colonel 
Sandys^ from his estate at Lauarth, in the 
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jjiaiish of St Keveme: he stated that it was 
taken from a stream of water which ran near 
his house^ and that any quantity of the sand in 
question might be obtained, if required. Its 
external characters were sufficient to convince 
me of its nature. I nevertheless submitted ft 
to experiment, and immediately proved that it 
"was the ore of titanium, in which Mr. William 
Gregor first detected the existence of that 
metal, and to which the name of menacchan- 
ite has been given. Collectors will be glad 
to hear of this discovery, for specimens of the 
mineral were becoming scarce, from the ex- 
haustion of the original stream at Tregonwell 
Mill, which has hitherto, I believe, been its 
only Cornish habitat 

John Ayrton Paris. 



V. — Formation op a Substance, RESEMBLiifc 
Gneiss, taken from a Steam Boiler at HuEf. 
Alfred. 

The specimen which I am about to describe 
was given me by Captain John Davy, a zealous 
and intelligent associate of the Society ; it was 
broken from the interior of the large boiler of 
the st^am engine, erected on Huel Alfred. From 
its structure and appearance it is impossible 
to infer its artificial origin, and several of my 

p 2 



828 Extracts from the Minute Book. 

geolog^ical friends have been puzzled to know 
to what class of rocks it should be Feferred. 
It resembles gneiss more nearly than any other, 
and in one specimen, nietallic veins may be 
actually seen penetrating its substance. 
• The formation of this substance is to be ex- 
plained in the followhig manner. The water 
which fed the boiler was derived from the 
deepest part of tlie mine, knd contained many 
mineral substances, both in solution and me- 
chanical suspension ; by gradual evajioration 
the former bodies were deposited, as a crust in 
the interior of a kettle, entangling with them 
fragments of micay and of other substanc€»» 
which were floatiuff in the water of the boiler. 
In this manner the forrnation of the earthy 
crust may be easily compaehended — but how 
can the appearance of metallic veins be ex- 
plained ? with equal ease and truth. After the 
deposition of the stony matter, the working of 
the engiiie was suspended for several months, 
during which interval the crust dried, and of 
course cracked; upon its being again set to 
work, the water was derived from a different 
part of the mine, and contained pyritical and 
other metallic impurities, which were deposited 
in the fissure, and upon the surface of the 
former crust. I have another specimen which 
was presented by Captain Hodge, a duplicate 
of which is in the cabinet of tlie Society ; iu 
this the fissures are filled with crystals of mU- 
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phate of lime, I have already noticed it in my 
paper upon a '^ Recent Formation of Sand- 
$tone." 

John Ayrton Paeis. 



VI. — A NEW SuBSTANfcE, FOUND ACCOMPANriNft 

'' Welsh Culm/' 

The species of coal known by the name of 
culm^ '^ Glanz KohleJ' is imported on account 
of its purity, for the purpose of smelting tin. 
Mr. William Gregor informed me, shortly be- 
fore his death, that he had observed amongst 
the heaps of this coal, lumps of a much more 
dense texture, and which were perfectly un- 
inflammable. In order to decompose it, he 
powdered it, and added twice its weight of 
nitrate cfbaryteSy and subjected it to heat in a 
platina crucible ; when, to his great astonish- 
ment, a violent detonation took place, accom-^ 
panied with a copious evolution oiprussic acid 
vapours, and upon examination he foimd the 
residue in the crucible to consist of the prus- 
siate, ' and carbonate of bart/tes* Since Mn. 
Gregorys death* I have examined his chemical 
memoranda, and am thereby enabled to ex- 
tract the following facts. From different ex- 
periments, the specific gravity of this substance 
appears to be 1,637. Fifty grains of the coal 
were mixed with 200 of nitrate of hiifytes^ 
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reduced to powder, and placed in a platitia 
crucible, which was set in a common fire ; be- 
fore the crucible became red hot, a violent 
detonation took place, with the disengagement 
of a brilliant light and vivid heat, which ren-» 
dered the crucible and its cover red hot ; a 
porous light greyish mass, mixed with black 
streaks, remained, which smelt of prussic acid ; 
this was separated from the crucible and pul- 
verized, when it was introduced into a matrass- 
Muriatic acid operated upon the powder^ and 
a considerable quantity of an elastic fluid was 
disengaged ; the solution assumed a dark blue 
colour^ and a very light powder was suspended 
in it, resembUng Prussian blue. It was poured 
6S with the fluid, and the remainder was a 
portion of the undecomposed mineral, which, 
when dried, weighed 23^ grains. This resi- 
duum was mixed with 100 grains of nitrate of 
hariftes, and treated as before, when a detona- 
tion again took place, but with less energy, 
a greyish mass remaining, which was treated, 
with muriatic acid a& before ; there was now 
no blue powder separated, but the lixiviated 
mass became opaline, the undissolved residuum 
now weighed 1 d| grains ; this was again mixed 
with 50 grains of the nitrate of bartftes, a brisk 
detonation and vivid flame were produced ; in 
this case the vessel was exposed to a stronger 
heat than before, and on the addition of mu** 
riatic acid, a blue powder was again separated^ 
when the undecomposed rei^tfe was edul-^ 
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corated and dried ; it weig^hed 8^, which^ was 
mixed with 40 of the nitrate, "with the same 
phenomena, and the same separation of a blue 
coloured powder by the effusion of muriatic 
acid; the residue now weighed only 2~ grains ; 
this underwent a similar treatment, and after 
this> as not one grain remained undecomposed, 
it ceased to be an object of experiment. A 
strong smell ot prussic acid accompanied the 
detonations. 

I can find no farther account of this curious 
discovery ; indeed increasing ill health put an 
end to all the chemical enquiries of Mr. Gregor. 
tmpei-fpict as this notice is, I thought it proper 
to present it to the Society, as it might induce 
some of our members to undertake a farther 
examination, and perhaps to discover an oeco- 
nomical application of the substance to the for^ 
mation of Prussian blue ; at all events, I feel 
confident that any extract, however crude, from 
the manuscripts of Mr. Gregor, will be respect- 
fully received by every mineralogist in Europe. 

John Aykton Paeis. 



VH. — On Stones and Clays *annu ally Exported 
FROM Cornwall, for tuE purposes of Archi- 
tecture, Manufactures, and the Arts. 

It may be interesting and useful to place 
upon record the nature andr quautity pf the 
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different mineral substances^ not metallic^ 
which are annually exported from this county. 
I have learnt the following particulars upon 
this subject, and scanty as they may appear, I 
am willing to present them to the Society, as 
an example to stimulate others to exertion, 
who have better opportunities for enquiry, and 
more numerous sources of information. The 
total quantity of granite shipped at Falmouth 
during the last seven years, amounts to Forty 
Thousand Tons; it has been employed for 
building the docks at Chatham, and the 
Waterloo Bridge in {jondon. The lands in the 
vicinity of Penrhyn have furnished it ; indeed 
the quantity actually quarried has been con^ 
siderably greater, for many of the blocks, in 
consequence of being damaged^ have been 
condemned, and sold at a low price to the in^ 
habitants for building and other purposes. 
The number of men generally employed in 
quarrying it, is about four hundred : their 
wages from twelve tQ^ eighteen shillings per 
week, varying with the qun.ntity raised. — 
The lord of the soil receives one halfpenny 
a foot for all that is quarried ; the freight dur- 
ing war was as Jiigh as 25s. per ton, at present 
it is only 1 6s, Fourteen cubic feet)w?igh one 
ton. The weight of the blocks generally varies 
from fiye cwt. to s^vei^ tons, With respect to 
the quantity of granite quarried in every part 
of the county for the purposes of building 
houses;, constructing; bridges, columns, gatq 
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postSj and a variety of domestic purposes, it 
is impossible to form any estimate. 

The amount of decomposing granite (petunze) V 
shipped at Charles Town to Worcestershire 
for the China manufactories, from the 35th of 
March, 1816, to the same day in the following 
year, was 2135 tons. That of clay derived 
from its felspar {kaolin) 1*575 tons. It is not 
the least curious circumstance in the history 
of these clay works, that whilst Lord Gren- 
ville is receiving, as proprietor of the land, 
jB700 per annum. Lord Falmouth, for an equal 
portion of land, does not receive more than 
£20. This is to be explained by the value of 
the clay being very different at the periods 
when the leases, were granted. The works 
contribute more than £150 per annum to the 
poor. The sum is of course variable. 

The steatite^ or soap rock, near Cape Lizard, -V 
is worked by Mr. Dillwyn of Swansea, for which 
he pays Lord Falmouth, the proprietor, the sum 
of £75 per annum; about twelve tons are 
annually quarried and exported. There are 
also many other valuable clays derived froni 
the decomposition of rocks ; and as one of 
the principal labours of this Society is to form 
a statistical analysis of the mineral resources of 
the county, it is to be hoped that some farther 
account of them will be received. 

Near Lelant, 330 tons of clay, derived from 
decomposed schistus, are annually exported to 
Swansest, for the smelting furnaces, 
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For the purposes of architecture^ there are 
likewise many rocks which might be profitably 
and advantageously employed. I shall beg to 
bffer a tew remarks upon the durable and or- 
namental properties of our porphyry : it would 
furnish a suitable material for the construction 
of a national column. The patriotic county of 
Cornwall has funiished granite for the proud 
memorial of our glory at Waterloo ; let her 
present her adamantine porphyry for a tri- 
umphal pillar to immortaiz; our naval supe- 
riority. 
4 Sir Christopher Hawkins has furnished me 

with different specimens of porpliyry ; that 
from a quarry at Pentuan^ near St. Austle^ is 
fine grained and durable. Norden mentions 
this quarry of ''fair stone" which was worked 
in his time ; about three hundred years since. 
Many of the ancient buildings and churches in 
Cornwall are buiit of thjs or a similar stone. 
As a testimony of the durable nature of this 
rock^ it may be stated^ that the arches and 
cornices in Restormel Castle^ which are com- 
posed of it, although built in an early period 
of the British history, are in a high state of 
preservation ; as are the cornices and moulds 
ings at Place House, in Fowey, built in the 
reign of Henry VI, which are of the same 
material. 

John Ayrton Paris. 
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VIII. — Observations on Gold found in thb 
Tin Stream Worm of Cornwall. 

G>inmuDicated in a letter to John Atrton Paris, m.p. &c, 
by Sir CmiisxoPHER Hawkins, fiart. 

I have taken the liberty to send you a few 
specimens of gold, which I will beg the favour 
of you to present to th^ Royal Geological 
Society. 

The gold was found in streaming for. tin in 
a moor near the church of the parish of 
Ladock. 

The specimen of gold intermixed with 
quartz appears to have formed a part of^ and to 
have been broken olBTfrom a lode; pieces of 
quartz mtermixed with gold have not been 
frequently found. The grains of gold con- 
tained in the quills were found in the same 
work. It is now more than twenty years since 
John Kellow and Partners requested my leave 
to stream this moor for tin, and at the same 
time expressed their inability, unless assisted, 
to undertake the expense ; I therefore engaged 
a quarter part of the stream work, and have 
continued it ever since ; and I think I may say 
that, except by the usual dues for land-leave^, 
I have neither gained or lost by this adventure, 
in which both gold and tin have been found ! 
Our search indeed extendeid no farther than 
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by turning over the ancient beds of the river 
for the gold and tin therein contained^ and the 
goldj when brought to me^ I purchased at an 
adequate price. Other persons more enter- 
prising, might have tried to find from whence 
the gold proceeded — to find a gold mine!!^ 
To such persons, if there be any so sanguine, 
I will give them this information, that in 
streaming the moor from the south to the 
norths the gold, probably washed down by the 
river, was not found to the north of a certain 
line ; the lode therefore must cross the valley 
near this line, above which no gold was found 
in an east and west direction. 



IX.— Vegetable Remains in the Basin at 

PORTLEVEN. 

Communicated in a letter from Rey. John Rogers, Member 
of the Society^ to John Atrton Paris, h.d. ' 

A few days ago t observed, at tiie bottom of 
the basin at Portleven^ and imbedded in vege- 
table mould, at the depth of from twenty to 
twenty-five feet from the level of the road, and 
a little above low water mark, several stumps 
of oaks and willows, all apparently in situ, 
with their roots extending through the mud. 
I think they must have been about ten feet 
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below the surface of the sand^ which formerly 
occupied the site of the basin^ and there must 
have been either a subsidence of the soil^ or 
what seems more probable^ a rise of the sea 
since the period of their growth ; the same 
theory^ whatever it may be^ must account for 
them^ and for the stumps of oaks^ mentioned by 
Borlase^ and which are so frequently seen in 
the Mount's Bay. 



x.—contributions towards a knowledge of the 
Geological History of Wood Tin. 

By ASIIHURST MAJENDIE, Esq. m.b.g.s.c. 

Tlie geological history of the wood tin of 
Cornwall is so obscure, that perhaps I may be 
excused in offering to the Society the few, 
though indecisive hints, which 1 have been 
able to procure on the subject, in the neigh- 
bourhood of the places where this substance 
has occurred most abundantly in stream works. 
At Trethurgy Moor, near St. Austel, a few 
specimens have been found of what is pro- 
viucially called tfjtad*s eye wood tin ; these con- 
uvat of very minute spherical masses of wood 
tin, the fibres of which radiate from a centre, 
imbedded in, a stone,, composed of quartss^ and 
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cottrse amorphous tourmaline^ (the schorl rock 
of Werner) which rock abounds at CarclasC' 
and other mines in that district^ forming* lar^e 
v^ns in a decomposed granite. These spe- 
cimen;} have been traced ;to a certi^in spoi^ 
and it is conjectured, with some probability, 
that the vein of wood tin is not far distant. 
From the same moor I have seen a single 
specimen of wood tin of considerable size 
hnbedded in the same substance as the toad's 
eye tin, so that in this instance the nature 
of the vein at least is known. At a mine 
worked about seventeen years ago in Lower 
Saint Colomb, called Huel Providence, I was 
informed by the captain that wood tin was 
found in masses a pound in weight in the ' 
lode, which was what is called among miners, 
a fiucaUy being a vein consisting of clay, in 
which all the wood tin and the rest of the tin^ 
which was the common oxide, were found, not 
attached to the walls of the lode, but imbedded 
in the clay. 

The wood tin of Cornwall is described in 
treatises on mineralogy, as occurring in small 
detached masses in stream wor]{:s. Of the 
gangue nothing is known, but that sometimes 
a small portion of quartz is attached. Some 
^sqpecimens I have lately met with in the vicinity 
of St. Austel, afford such information as to. 
leave little doubt respecting the geological 
history of this substaQce. Qne of these sped- 
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mens from Trediurgy Moor was a portion of a 
vein having the wall of granite attached. I 
am informed that ' specimens^ have been traced 
to a particular spot in the moor where they 
cease to occur. * It is probable that th« .veins 
mighty after some examination^ be found in situ. 
It appears^ therefore, tbftt this variety occurs in 
veins of schorl rock^ traversing granite like the 
common oxide of tin. 



xl— 7notice relative to the formation op 

Swimming Stone. 

Amongst a great number of specimens of 
this substance, which have been discovered 
within a few years past, scarcely any have 
been found which have exhibited more than a 
skeleton of siliceous matter, except perhaps a 
little sulphuret of copper. The minuteness 
of the cells, together with the arrangement 
of their plates, are doubtless the causes of 
of its buoyancy on water. It is evident that 
these cells must, at some period or other, have 
been filled with other matter, more easily arid 
generally soluble than silex. 

I beg to exhibit to the Society a specimen 
which was some time since found in Pednan- 
drae mine, near Redruth, which appears to me 
to contain a complete illustration of the for- 
loation of swimming stone. This specimen 
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seems to have been originally nothing but 
fluor spar, the parts of which were very loosely 
connected, as is evident from the fluor which 
still remains. It will be observed, however, 
that almost all the crevices throughout the' 
mass of fluor, are^ filled by the matter of silex> 
which has been deposited there, perhaps by 
the passing of water through them. 

On one side the fluor has been dissolved, 
and the siliceous matter remains just in the 
fonn in which it appears in the swimming 
stone. 

It is well known that sulphuric acid has the 
power of disengaging the fluoric acid in the 
state of gas. Whether, therefore, this acid 
gas, by its action on the silex, could have pro- 
duced the peculiar appearance of the swimming 
stone, I presume not to decide. 

The mines which have produced the swim- 
ming stone in the greatest quantity, are Relis- 
tian in Gwinear, and Huel Alfred in Phillacl^ 
neither of which is now at work. In the for- 
mer mine was found a still rarer substance : 
swimming sulphuret of copper, which I believe 
has not been found any where else. 
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XII. — The following notice was received when 
the printing of this Volume was nearly cont" 
pleted. 

My communication on Elvan Courses (see 
page 96), was written nearly two years ago. 
There is 'a remark in it which intimates that 
the underlie of those courses is almost always 
in the same direction as that of the adjoining 
strata. Since that period I have learned that 
there are several elvan courses iij Cornwall, 
(the particulars of which will probably be 
given in another communication to the So-^ 
ciety), whose underlie is in a contrary direc- 
tion. I shall therefore be glad, if my paper be 
not already printed, to alter that remark ; ot 
if it be printed, that this note should be inserted 
among the notices at the end of the volume 
now printing. 

Joseph Carne. 
JlMerti MMf 9, 1818. 
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QUERIES 

PropQsed to Captains^ of Mines, and other per- 
$9ns connected with the practical part of 
Mining, s 

By JOHN HAWKINS, Esq. r.n^. &c. 

MEMBER OF THE SOCIETY. 



XHE following queries were put into the 
hands of the most intelligent captains of our 
mines^ in the years 1791 — 2. 

As they were drawn up for the purpose of 
obtaining the best information reispecting the 
phenomena of mineral veins^ which could be 
collected from that class of persons; it was 
necessary to adopt a language which they 
could understand^ i. e. to make use of provin- 
cial terms that could not be easily misunder- 
stood. It was moreover necessary to liave in 
view all the circumstances^ usually occurring 
in the natural history of our Cornish lodes^ and 
those only. 

I was enabled to accomplish this^ by the 
examination of some of our most remarkable 
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mines during the years 1790 — 1. The queries^ 
however, which I subjoin, may be regarded as 
the practical result of a much longer attention 
to the subject^ begun in Saxony under the 
guidance and instruction of Werner, and con- 
tinued in Bohemia and Hungary. 

The answers which I obtained from the per- 
sons, to whom the first series had been ad- 
dressed, were, upon the whole, very satisfac- 
tory ; and I felt gratified by their ready com- 
pliance with my wishes. 

This success encouraged me to circulate 
among them the second series, to which, how- 
ever, I obtained answers in a few instances 
only. The questions comprehended in this 
series are, it must be confessed, more complex 
and difficult than the former, and the captains 
of our mines (who, although a very intelligent 
class of men, are not in the habit of expressing 
their observations on paper), may have felt a 
very natural reluctance to commit themselves. 
I should be sorry therefore to ascribe their 
silence to any other motive. 

The enquiry' thus interrupted, may now be 
resumed under much better auspices, and as 
the zeal which has been excited by the en- 
lightened founder of our Society, can be 
directed to no object of greater importance, I 
am induced to lay before the Society such an 
arrangement of the questions which apply to 
the phenomena of lodes, as will very materially 
a^brjdge their labour. , 

« 2 
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My associates will moreover be sensible of 
the convenience which results from a unity of 
plan in their patriotic endeavours^ and will 
soon perceive that a. ipode of investigation 
which insensibly leads them on from the more 
easy and obvious phenomena^ to those which 
are more difficult and uncommon^ is the best 
adapted to their purpose. 
. But here I must beg leave to observe/that 
the value of their information will much depend- 
upon the circumstances under which it is ob- 
tained. If the best practical miners are often 
deceived in their judgment of those numerous 
accidents w)iich affect a lode^ and either raise 
or depress the estimation of a mining adven* 
lure ; how much more must an unprofessional 
Qbserver be liable to error ? In fact, it is not 
UQtil all the phenomena of mineral veins are 
become familiar to the geologist^ that he .can 
feel a confidence in his own judgment, or pre- 
sume to describe and account for, what must 
generally be investigated under so many diffi- 
culties and disadvantages. 

Most fortunately for the encouragement of 
so interesting a pursuit, there are circumstances 
in the form and outline of this peninsular county 
which will afford mi^ch preliminary instruction.. 
Its coasts present almost every where a natural 
section of the strata which compose them; and 
' this section, whenever it approaches the mining, 
districts^ invariably lays open; to view the mi- 
neral veins which abound th^e. : The geologist 
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therefore may avail himself of this natural 
advantage^ which no other country in Europe 
would aflford him. 

I have already observied, that much informa- 
tion was procured by means of these written 
questions, and my own personal observation ; 
but much remains to be done; and a great 
mass of well ascertained facts must be col- 
lected, before we can draw any certain conclu- 
sions respecting the origin of mineral veins. 
I am of opinion, however, that when this is 
accomplished, we shall have gained a step of 
no small importance towards a knowledge of 
the formation of the eartti, if we do not stand 
on the very threshold of the edifice. '^ Vesti- 
bulum ante ipsum primoque in limine." 

To conclude, the object being so important 
in every sense, and the means . so much within 
our reach, I feel confident that the attention of 
the Society will be more particularly directed 
to our mineral veins ; and that in this depart- 
ment at least of geological scienc^e, their labours 
/ will be eminently successful; for it is the opi- 
nion of one who has had opportunities of visit- 
ing the mines in most parts of the continent, 
that Cornwall abounds more in mineral veins 
than any country of equal extent in Europe ; 
that the phenomena which usually accompany 
them, are na where more strongly, marked ; 
and that no country affords the same facilities 
for observation. 
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QUERIES RESPECTING LODES. 



FIRST SERIES. 

1 . What is the general direction of lodes in 
this parish? 

2. How many feet in a fathom is their gene^ 
ral underlie ? 

3. To which side do they underlie? 

4. What is their average bigness ? 

5. What is the general direction of the 
cross-gossand and cross-flookans ? 

6. How many feet in a fathom is their gene- 
ral underlie? 

7. On which side do they generally under- 
lie? 

8. What is their average bigness ? 

9. Do they generally heave the lodes ? 

10. If so, how far do they generally heave 
them? 

11. Are the lodes generally heaved to the 
right ? 

12. In what cases are they not ? 

13. Are there any instances in this parish^ 
of lodes started or heaved by slides^ as in the 
Pink mine and North*downs ? and in this ca&ej 
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is the lode started by a gossan-slide or by a 
iiookan-slide ? 

N. B. By a slide is meant, the intersection of a lode in ^.L^ 

its underlie ; by a heave, the intersection of a lode in its 
•ourse or run. 



SECOND SERIES. 

1 . In computing the average bigness of the 
lodes^ did you include the caple or not? If 
not, you are desired to state what difference 
this makes. 

2. What are the particular circumstances 
of the case, in which lodes are not heaved as 
usual, to the right ? I mean, what is the di* 
rection of the lode and cross-course so heaved, 
the side to which each underlies, and the 
degree of its underlie ? 

3. Is the heave greatest when the cross- 
course is big, or when it is small? 

N. B. To avoid ambiguity, the comparison may be made 
between gossan and spar ; courses ofdifierent breadths, and 
between these and flookans, which I believe are invariably 
small. • 

4. Is the heave greatest when the cross- 
course intersects the lode at a small angle, or 
when it intersects it at a great one ? 

6. Are the heaves usually greater or less 
in the bottoms than at grass ? That is, does } 

the heave occasion a difference in the underlie 
of the two segments of the lode ; what is this 
Aifference, and what the circmnstances which 
accompany it ? 
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6. In the case of a heave, are the two 
corresponding parts of the lode at the samd 
levels usually of an equal bigness, and filled 
with the same substances, or the contrary? 
In which latter case, you are requested to men- 
tion the most remarkable instances. 

7. Do you know any instance of a lode 
being shattered, divided, or torn open by the 
intersection of a cross-course, or by a heave ? 

8. Do you know any instance of a lod^ 
being wholly cut off by a cross-course, so that 
no traces of it could be found on the opposite 
side ? 

9. Do you know any instances of the inter- 
section of tin slnd copper lodes, and of heaves 
in consequence thereof? 

10- Are there any regular ^oursel^ or quar- 
ries of elvan, or any other sort of rock, in your 
parish, and what is their bigness^ direction, 
, and underlie ? 

Tl. Do you know any instance of such a 
course or quarry forming one of the walls of a 
lode? 

12. Do you know any instance of such a 
course or quarry intersecting and heaving a 
lode ? And if so, you are requested to state 
the circumstances. 

13. Do you know any instances of great 
hollows found in the body or the sides oi 
lodes ? 

, .| 14. Do you know of any instance of pebbles 
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or of fragments of killas^ elvan, irestone^ or 
gtoyrtm, found in the body of a lode ? : v 

15. Do you know any^ instance of the two 
walls of a lode (the country) not corresponding 
at the same level ; i. e. of their being com- 
posed of different rocks^ perhaps on one side 
of killas^ and on the ' other of irestonej elvan, 
or growan ? Even the kiUas may be found to 
differ in hardness and coloui" in the two oppo- 
site walls. 
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A» Account of Tin raised in Cornwall in tho 
year ending with Midsummer Coinage, 1815. 

Blocks of Blocks of 
Common llxk. Grain Tio. 

Coined at Biichaelmas Quarter, 1814 . . 3109 393 

Oiristmas Qaarter, 1814 .. 2179 767 

Lady-day Quarter, 1816 .. 3909 13M 

Midsummer Quarter, 1816 .^ 4171 841 



13,431 3193 

3,193 



Number of Blocks.. .. 15,613 



Number of Tons ..... 3,500 



An Account of Tin raised in Cornwall, in the 
year ending with Midsummer Coinage, 1816. 

Blocks Blocks 

Common. Grain. 

Michaelmas Quarter, 1815 3176 854 

Christmas Quarter, 1815 3980 838 

Ladj-day Quarter, 1816 4540 81 1 

Midsummer Quarter, 1816 4596 771 

16,393 3364 
3,364 



Number of Blocks .... 1 9^556 



Number of Tons ...^. 3,130 



I 



in the years 1815> 1816, and 1817. 351 

An Account of Tin raised in Cornwall, in the 
year ending with Midsummer Coinage, 1817. 



Blocks. 

Michaelmas Quarter, 1S16 4137 

Christmas Quarter, 1816 5^37 

Lady-day Quarter, 1817 6030 

MUbummer Quarter^ 1817 6834 

33,037 
or about ^00 Tons. 



Of this number 3037 blocks were Grain Tin, and 30,000 

blocks Common Tin. 



> 
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QuatUity of Coiner produced m Great Britam 
and freland m ike year ending the dOlh 
June, 1815. 

ConwiU 6607 

DefmUie 4M 

Aagjpif 305 

Other parts of Nortk Wales and irelaiid 904 



7540 



QiuaUity of Capper produced m Great Britam 
and hrdand^ in the year ending tie 30th 
June, 1816. 



Tc 
Comtnll. ...sirfd at public ticketings ••••6850 

lijr priTate contract ..•• 815 

7045 

DeroDshiie 345 

Anglfaifta 448 

Nortk Wales, and Oose parts of Ireland when tiie 

is not siaelted 371 



810P 



No acoount lias been received of the prodoce of the 
Ecton Mine in Stafiyidshire^ nor of the Cronebane Mines in 
Ireland. 
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Quantity of Copper produced in Great Britain 
and Ireland, in the year ending the 30th 
June, 1817. 

Tona. 

Cornwall 4 6608 

Devonshire * 350 

St^ordshire (Duke of Deronshire's mine at Ecton 

Hill) abbut 200 

Aaglesea - .•....•• 432 

Other parts of North Wales 80 

Sundry small mines in Ireland, of which the ore is 

smelted in Wales , 80 

Cronebane Mines in Wicklow (no account has lately 

been received) but the quantity is supposed) ••.... 150 



7000 



A LIST OP DONATIONS 
TO THE LIBRARY, 

TO THE 

COLLECTION OF MAPS, PLANS, SECTIONS, 

AND MODELS, 

AND TO THE 

CABINET OF MINERALS, 

' BELOMGINO TO TBK 

ROYAL GEOLOGICAL SOCIETY OF 

CORNWALL, 

From its InstUtition in February, 1814, 

to April ZO, 1818. 

WITH THE NAMES OF THE DONORS. 



Donations to the Library. 

BOOKS. DOVORS* 

Carew'8 Sanrey of Cornwall, with The Right Hon. Lord de 
Tonkin's Notes, edited by DunstanTiUe^ &c. Vice 
Francis, Lord De Dunstanyille. Patron 

iTOl. 4t° 

Voyages Metallnrgiques, par M. 

Jars. 3 Tols. 4t® 

Obsenrations on the Tin Trade of Sir Christopher Hawkins, 

the Ancients in Cornwall, and Bart. Vice President. 

on the Ictis of Diodoras Si- 

culus, by Sir Christopher Haw- 

kins, F.R.S. 1vol. 
Mr. James Ryan's Method of 

Ventilating Coal Mines. 



LIST OF DONATIONS. 
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BOOKS. 

Berzelius' New System of Miner- 
alogy. 1 vol. 

Notes on the Mineralogy of part 
of the Vicinity of Dublin, taken 
principaliy from papers of the 
late Walter Stephens, A.M. 

Elements of Crystallography, after 
the method of Haiiy, by Fre- 
derick Accam. 1 vol. 8v* 

Essay on the Theory of the Earth, 
by M. Cuvier, 1 vol. 8v® 

Accum's Analitical Mineralogy. 

2 vols. Si^ 

Henry's Elements of Chemistry. 

2 vols. 8¥^ 

Thomsonfs System of Chemistry* 

4 vols. 8v® 

Davy's Elements of Chemical Phi-* 
iosophy. 1 vol. 8v* 

Wilkinson's Elements of Galva- 
nism. 2 vols, gv* 

Singer's Elements of Electricity. 

1 vol. 

Minutes of the Philosophical So- 
ciety. 1 vol. 8v» 

Macquer's Chemistry. 2 vols. 8v^ 

Boerhave's Chemistry. 

2 vols. 8f** 

Philosophical Transactions* 

2 vols. 41** 

Dr. Cramer's Elements of the Art 
of Assaying Metals. 1 vol. 8v° 

Phillips—on the pxyd of Tin. 4t* 
on the veins of Corn- 
wall. 4t<» 



DONORS. 



Outlines of Mineralogy 

and Geology. 1 vol. U^ 

Elementarylntroduction 

to Mineralogy. 1 vol. 12* 



Davies Gilbert, Esq. 

M.P. President. 
William Rashleigh, Esq. 

M.P. M.G.S.& 



Ashhurst Majendie, Esq. 
Hon. Mem. G.S.C. 



. . * « . 



The l^equest of the late 
Rev. John Jope, jnn. 



Rev. John Rogers, 

M.G.S.C. 
By the Author. 



By the Author. 



Aikin's Manual of Mineralogy. 

1 vol. 8v® 
Some new Researches on Flame, By the Author. 

by Sir Humphry Davy, F.R.S. 

Hon. Mem. G.S.C. &c. 






LIST OF DONATIONS. 



BOOKS. DONORS, 

A few additional Practical Obser* Hie Author. 

Tations on the Wire Gauze 

Safety Lamps, fay Sir Humphry 

Daty. 
He Luc's Elementary Treatise on 

Geology. 1 vol. 8v* 

Martin Henry Rlaproth on the 

Fossils of Cornwall. 1 rol. 8t^ , 
A Memoir on the Physiology of 

the Egg, by J. A. Paris, M.D. 

F.L.S. &c. 
"Mawe's Mineralogy of Derby- By the Author. 

shire. 1 rol. Sy^ 

, Descriptire Catalogue of 

Minerals. 1 vol. 8?^ 



RcT. C. V. Le Grice. 

Mr. W. Roberts, 

Associate. 
By the Author. 



Stackhouse*s Nereis Britanntca. 

2 vols. 

Lamouroaz Histoire des Poly- 
piers Flexibles, Vulgairement 
Zoophytes. 1 vol. 8v* 

Jameson's Mineralogtcal Travels 
through the Hebrides, Orkney, 
and Shetland Islands, and main 
land of Scotland. 2 vols. 41* 

Jameson's Mineralogical Descrip- 
tion of the county of Dumfries. 

1 vol. 8v° 

Systeme de Hutton sur la Tbeorie 
de la terre. 1 vol. 8v» 1816. 

Families of Plants. 2 vols. 8v« 

Synopsis of 'the contents of the 
British Museum. I vol. 8v* 

De njentis ezercitatione, et feli- 
citate ezinde derivanda. J. 
Forbes ayctore. 8v« 

Stannary Laws. 1 voL 8v° 



John StackhoQse, Esq, 
Hon. Mem. G.S.C. 



t ••....• 



John Forbes, M.D. Sec^ 
G.S.G* 



Mr. Tregonning, 

M.G.S.C. 
G. B. Greenough, Esq, 

Hon; Mem. G.S.C. 



Le Comte De Boumon, Trait6 

complet de la chaux carbonatee 

et de I'arragonite. • 3 vols. 4tP 
Tvengrowse Shipwreck Investi- The Author. 

gated 8v° 

Prize Essay on the Diseases of The Author. 

Wheat, by the Rev. Robert 

Hoblyn. 



UST OP DONATIONS. «d7 

BOOKS. DOirORS. 

Observations on the Geology of The Author, 
the United States of America, 
&c. by Wm. Maclure, Esq. ,8t° 



Maps, Plans, Sections, and Models. 

MAPS, &C. 

Smith's Geological Map of Eng- Davies Gilbert, JEsq^ 

land. M.P. Preaident* 

Models and Plans illnstrative of J. H. Vifiao, Esq. Hoiu 

the machinery used in the mines Mem. G.S.C. 

of Saxony, with a complete 

dress of the Saxon miner. 

Plan of Chacewater Mine. Samuel Moyle, Esq. 

M.G.S.C. 

Sections of Huel Pever Mine. Mr. Benjamin SanpiDny 

Associate. 

Plan of Huel Alfred Mine. Mr. Samuel Grose, 
Plan of the Kue Hills Mine. Associate. 

Geological Map of the United Wm. Maclure, Esq. 

States of America. Hon. Mem. G.S.C. 



Donations to the Cabinet. 

SPECIMENS. 

Natire Gold from the Tin Stream Sir Christopher Hawkiof, 

Works in Ladock, near Probus, Bart. V.P. 

Cornwall. Specimens of Ga* 

lena, Sandstone, &c. 
Chromate of Iron. Red Copper Davies Gilbert,Esq.MkP. 

Ore. Quartz. Blende. Car« President G»S.C. 

bonate of Barytes. Toadptone. 

Gypsum and Shell Limestone 

from Derbyshire! 
A series of Rock specimens, illus- Ashhurst Majendie, Esq. 

tratire of the Geology of the Hon. Mem. G.S.C. 

lizard District. Geological 

specimens from the Scilly Is- ^ 

lands and Mousehole. Graphic 

Granite. Gseiss. Apatite, Jas- 
per. Garnet. Axinite. Thallite. 
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LIST OP DONATIONS. 



SPKCIHENS. 

Schorl, containing TitaniiiiD. 
Schorl. Adularia. Felspar. To- 
paz-Rock. Hyperstene in Opa- 
lescent Felspar. Mica. Acty- 
nolite. Tremolite. Chlorite, 
Steatite. Oolite. Stilbite. Phos- 
phorescent Zeolite in Basalt. 
Anthracite. Plumbago. Fluor 
Spar. Menilite, Bronzite. Lau- 
monite. Chalcedony on Bitumen. 
Idocrase. Albite* Gehlenite. 
Chabasie. Natrolite. Magne- 
tite. Semi-Opal. Hyalite. Au- 
gite, Olivine. Diallage. Hya- 
cindi. Adularia from Saiut 
Gothard. Carbonate of Lead, 
Arseniate of Cobalt. Rutilite. 
Magnetic Ironstone. Specular 
Iron. Carbonate of Iron. Oxyd 
of Tin, with pebbles of Chlorite. 
Oxyd of Manganese. Anatase. 
Craitonite. Natire Antimony. 
Ironstone. Gadolinite. Sphene, 
Titanite. Specular Iron. Chro- 
mate of Iron. Magnetic Iron. 
8cc, &c. 

Fossil Wood. Fossil Echinus. Fos- 
sil Shell on Limestone, indu- 
rated Marl containing shells. 
&c. drc. 

A series of specimens illustratiTe 
of the process of smelting cop- 
per, with different preparations 

• of the metal ; also a series illus- 
tratire of the process of smelt- 
ing tin, with different prepara- 
tions of the metal. 

A series of Precipitates from An- 

. glesea. Specimens of Eltan, 
taken from different lerels in 
some of the principal mines of 
Cornwall. 

Native Silver. Porous Sulphuret of 
Copper. Native Bismuth. Oxyd 
of Tin in Felspar. Oxyd of Tin 



HONORS. 

AshhnrstMajendie, Esq. 
Hon.Mem. G.S.CL 



Joseph Came, Esq. 
M.Q.S.C* 



LIST OP DONATIONS. 



269 



SPECIMENS. 

in Chlorite. Silver Ore from 
Carra de Pasco. Silver Ores 
from Huel Ann, Huel Basset, 
and the Herland Mine. Yel- 
low Copper Ore, and Native 
Sulphate of Copper. Swimming 
Quartz. Cubic Quartz. Radi- 
ated Quartz. Andalusite. Ac- 
tynolite. Chalcedony. 

A series of specimens illustrattye 
of the Recent Sandstone For- 
mation, occurring on the north- 
ern coast of Cornwall. 

Geological specimens from the 
Lizard district, and from dif- 
ferent parts of the Mount's 
Bay. Gregorite from St-Keveme. 

Sulphuret of Zinc. Oxyd of Man- 
ganese. Uranite. Vein of Tin 
in Granite. Horii Stiver. Phos- 
phate of Iron. Fluor Spar. 
Quartz on Fluor. Veins of Ga- 
lena in Killas. Fluor Spar with 
Iron Pyrites. 

Specimens illustrative of the geo- 
logy of Derbyshire. 

Fluor Spar. Acanticone. Schorl 
with Apatite. Jasper from Bo- 
vey. Sulphuret of Lead in 
Veins in Barjtes. Carbonate of 
Zinc. Sulphuret of Silver and 
Copper with Oxyd of Iron. 
Sulphuret of Silver and Anti- 
mony. Sand in which Diamonds 
are found. 

Specimens of Wolfram. Tungsten. 
Native Arsenic. Cobalt. Saxon 

- Topaz Rock. Native Alumine. 
Cross-stone, and Felspar ; also 
a very valuable series of Me- 
tallic and simple Minerals, and 
Geological specimens, amount- 
ing (o above four hundred, 
collected during his travels a- 
broad. 



DONORS, 

Joseph Came, Esq. 
M.GAC. 



John Ayrton Paris, M.D. 
F.L.S, Hon. Mem, 
G.S.C. 



John Williams, jun. Esq. 
M.G.S.C. 



John Mawe, Esq. 
M.G.S.C. 



John Heniy Vivian, Esq. 
Hon. Mem. 6.S.C. 
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LIST OF DONATTONS. 



9?ECIMVNS. 

Specimens of Needle, «mmu«^««i, 
Foliated, and mealy Zeolite. 
Apophyilite. Jasper. Opal. 
Chalcedony. Pitchstone. Obst-< 
dian, aod siliceous incnistations 
from the Geyser springs of Ice- 
land. 

A series illnstratiye of the different 
Lime Formations of Cornwall. 
Specimens of Greywacke. Junc- 
tion of Gneiss with Granite* 
Gneiss. Serpentine. Agate. Jas- 
per. Hornblende. Asbestus pass- 
ing into TremoUte. Mountain 
Leather.. Jade. Borey Coal. 
Lead Ore in Fossil SheU in 
Transition Limestone. Sulphate 
of Lead. Magnetic Pyrites. 
Sub-carburet of Iron. Yellow 
Sulphuret of Copper in octohe* 
drons, on Greywack4. 

Specimens of Phosphate of Iron, 

Specimens of Selenite. Oyster 
Shell with Crystals of Selenite. 
Sulphate of Barytes. Sulphate 
of Strontian. Carbonate of 
Strontian, &c. 

Specimens oi Crystallized Hydrar- 
gillite. Jade. Tremolite. Me- 
nacchanite. Kupfer-nickel. 

Native Copper. Grey Sulphuret 
of Copper. Ruby Copper. Arse- 
niate of Iron. Manganese; Wol- 
fram. 

Specimens of Pea*8tone. Calcaieoos 
Spar. Garnet Rock. Flint, 
Sulphuret of Lead. Phos{^te 
of Lead. Chromate of Lead. 
Specular Iron. Uranite. 

E^gyptian Granite. Vein of Tin in 
Porphyry. Vein of Tin in Schorl 
Rock. Wayellite, Swinestone 
Flint* Chalcedony. Actynolite* 



901iOJIi. 

iHiaim Home^ Esq. 
LiTerpooL 



Rer. John Ro^rt^ 
M.G.S.C. 



Cdonel Sandys.^ 

M.GJS.C. 
Rey. Philip Searle, 

Oz£Dfd« 



The late Rey. Wiiyam 
Gregor. 

Robert Wero Fox, jnn. 
Esq. M.G.S.C. 



Wmkm Robinson HUl^ 
Esq. M.G^.C. 



Mr. EdwMd C. Gid^, 
Cuntorof the Cabinet. 



h 
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SPECIMENS. 

Axinite. Iron Flint. Sulphate 
of StrontiaQ| Selenite. Rock 
specimens from different parts 
of the Mount's Bay. A .series 
of DeTonshire marbles, polished. 
Organic Remains, consisting of 
Stella Marina, Echini, Anomia, 
Ammonites, Cockscomb Oys- 
ter, Fossil Teeth, &c. ; and a 
series of Volcanic specimens. 

Stalactites of Oxydof Iron. Brown 
Haematite Iron Ore. Fluor in 
octohedrons. Jasper. Quarts on 
Flnor. Red Oxyd of Copper. 
Oxyd of Manganese. Opake 
Red Quartz. Kupfer Nickel. 

Specimens of Calcareons Spar. 
Arseniate of Cobalt, and Arse- 
niate of Lead. 

Fluor Spar. 

Specimens of Qialcedony arid 
Ccystaiiized Oxyd of Tin, &c. 
&c. 

Specimens of Felspar. Axinite. 
Coralloldsk Stalactttic lime* 
Sulphate of Lead, &c. &c. dbc. 

A series of Greological specimens 
from Scotland, consisting of 
PrimitiTe limestone. Gneiss, 
<Mica Slate, Basalt, Greywack^, 
Greenstone, &c.; Homstone, 
Ciystallized Quartz, Agate Peb- 
bles, &c. 

Fluor Spar. Copper Pyrites. Grey 
ttod Yellow Ck)pper Ore, Arse- 
niate of Cobalt ; also a speci- 
men illustrative of the Heaves of 
Lodes. 

A series of specimens iUustrative 
of the process of Subliming 
Arsenic. 

A specimen of Brown Hnmalite 
Iron Ore. 



BONOES. 



Mr. Edward C. Giddy, 
Curator of the Cabinet. 



Mr.W Chenhalls, 
M.G.S.C. 



William Darey, Esq* 
M.6.S.C. 

Stephen Davey, Esq. 

M.G.S.C. 
E. W. Wynne Pendanros, 

Esq. M.G.S.a 

John Paynter, Esq« 
M.G.S.C. 

John Forbes, M.D. 
Secretary. 



M^. John Rule^ 
l)f.G.S.C« 



Richard Edwards, M,D* 
M.O.^.C. 

Rev. Jos. Batten. 
.M4G«S.C* 
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LIST OF DONATIONS. 



SPECIMEVS* 

Specimens of Gneiss containing 
CiDnamon-stmie. Spodamene. 
Also Granite from Cejlon, and 
ffigments of rock from St. He- 
lena, &c 

A series of specimens illostratiTe 
of the Geologj of the United 
States of America, from Ports- 
month, in New England, io 
the west side of the White 
Hills, and from thence to PoK- 
land; also specimens of Foli- 
ated Sphene, Green and Red 
Tourma]ine,Cymophane,Spodn- 
mene, and Ichthjopbthalmite. 

Stalactitic Carbonate of IJme from 
GtbralUr. 

Qnartz imbedded in Chlorite 
Earth; Coal, with impressions 
of Ferns, &c. 

Grey Snlphnret of Copper in 
Quartz. 

Native Solphnr. 

Specimens of, Rock Salt. 

Serpentine from A^glesea, Satin- 
spar and Sandstone. 

Specimens of Native Sulphur from 
Mount ^tna. 

A series of specimens of Aluminous 
Shale in different stages of de- 
composition ; also a specimen of 
Prehnite. 

A specimen of Green Carbonate 
of Copper. 

Stalactitic Lime, and Lime with 
Fossils from Gibraltar; also a 
concretion of Sand and Shells 
from Tariffa. 

Specimens of Ammonites, &c. 

Sulphate of Barytes. Sulphate of 
Strontian. Sulphate of Strontian 
in Sandstone Rock, from Bran« 
don Hill near Bristol. 



DoiroRs; 

H. P. Tremenheere, Esq* 
M.G.S.C. 



William Maclure, Esq. 
of Philadelphia, Hon. 
Mem. G.S.C. 



Admiral Linzee. 

M.G.S.C 
Rer. W. Hoskin, 

M.G.S.C. 

Benjamin Wood, Esq. of 

London. 
Mr. Henry Edmonds. 
Samuel Moyle, Esq. 

M.G.S.C. 
Mr. Robert Bakewell. 

Geo. Glasson, M.D. 

M.G.S.C. 
Thomas Brown, M.D. 

Glasgow, Hon. Mem. 

GiS«C. 

H. C. Blewett, Esq. 

M.G.S.C. 
Captain Julyan, R.N. 



Mr. Jatkson. 
J. J. Wright, Esq. 
Bristol. 
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SPTilCIMENS. 

SpecimensofKupfer-Nickel, Mag- 
netic Ironstone, and Reddle. 

Native Copper, Copper with 
Schorl. Copper with Fluor. Red 
Oxyd of Copper with Native 
Copper. Malachite. Arseniate 
of Copper. Carbonate of Lead. 
Arseniate of Lead. Slickenside. 
Jaspery Ironstone. Sulphuret of 
Antimony. Oxyd of Tin. Fluor 
Spar. Calcareous Spar. Horn- 
stone. Jasper with Chalcedony. 
Opal Jasper. Asbestus. Elastic 
Bitumen. 

A specimen containing Galena, 
Coal, and Copper; Selenite, 
Schorl with Apatite. 

A specimen of Yellow Sulphuret 
of Copper. 

Veins of Oxyd of Tin in KUIai. 

A specimen of the Gossan of the 

Cornish Miner. 
Micaceous Iron Ore from Elba. 
Specimens of Garnet, Labradore 

Felspar, Native Sulphur, Fiuate 

of Lime, and Apatite with 

Topaz. 
Specimen of Sulphate of Barytes* 
A specimen of Crystallized Ox) d 

of Tin. 



DONORS. 

John Dennis^ jun. Esq. 

Mr. William Roberts, 
Associate. 



Wro. Clayfield, Esq. 
Bristol. 

Mr. Richard NichoUs, 

M.G.S.C. 
Mr. Jos. Tregonniog, 

M.G.S.C. 
Captain N. Vivian. 

Capt. Edwin James,R.N. 
Mr. R. Dunkin, jnn. 
M.G.SX. 



R. Fox, Esq. M.G.S.C. 
Mr. W. Berry man, jun. 
M.G.S.C. 



I N D B X. 



A 



CCIDENTS from the premature explosion of Giln- 
powder 



>— how to preTent the recurrence of 
Agate found in Serpentine 
Ancient submarine minee^ notice of 
Arsenicy processes by which it is prepared in Saxonjr 

'— grey or bhick 

' ■■ red - • r 

*. white - . - 

yellow - - • 

Aximte^ or Tkummersteiny its Condlh habitats 



Page 

78 
88 
34 
131 
60 
61 
62 
68 
64 
30 



B 

Bar^ commonly used for ^^ Tamping" » • 86 

■ of safety • - • -88 

BoAsE, HsNRT, Esq. on regenerated granite - 19 

■ on the introduction of the steam 

- 212 

7 

34 

33 

29 

7 



engine into Peru • »- 

Beds of limestone 

compact felspar alternating with talc 

BoUenum^ junction of greenstone and slate at 

BotalUuik crown engine 

Breccioy reins of intersecting recent sandstone 

8 2 






LIST OF DONATIONS. 



BOOKS. DONORS. 

A few additional Practical Obser- The Antlior. 

Tadons on the Wire €raaze 

Safety Lamps, by Sir Hamphry 

Daty. 
Se Luc's Elementary Treatise on 

Geology. 1 TOl. 8?* 

Martin Henry Klaproth on the 

Fossils of Cornwall. 1 toI. 8t^ , 
A Memoir on the Physiology of 

the Egg, by J. A. Paris, M.D. 

F.L.S. &c. 
*Mawe'8 Mineralogy of Derby- By the Author. 

shire. 1 rol. 8y® 
■ Descriptire Catalogue of 

Minerals. 1 vol. 8?' 



Rer. C. V. Le Grice. 

Mr, W. Roberts, 

Associate. 
By the Author. 



Stackhouse's Nereis Britanntca. 

2 Tols. 

Lamonroax Histoire^ des Poly- 
piers Flexibles, Vulgurement 
Zoophytes. 1 vol. 8t® 

Jameson's Mineralogical Trayels 
through the Hebrides, Orkney, 
and Shetland Islands, and main 
land of Scotland. % toIs. 4t« 

Jameson's Mineralogical Descrip. 
tion of the county of Dumfries. 

1 Tol. 8v° 

Sjsteme de Hutton sur la Theorie 
de la terre. 1 vol. 8t« 1816. 

Families of Plants. 2 vols. 8t« 

Synopsis of the contents of the 
British Museum. I toI. 8t* 

De mentis ezercitatione, et feli- 
citate exinde derivanda. J. 
Forbes avctore. 8t<> 

Stannary Laws* 1 toL 8?^ 

Le Comte De Boumon, Tratt6 
complet de la chaux carbonatee 
et de I'arragonite. • 3 vols. 4t? 

Tvengrowse Shipwreck InTesti- 
gated 8f° 

Prize Essay on the Diseases of 
Wheat, by the ReT. Robert 
Hoblyn. . 



John Stackhonse, Esq* 
Hon. Mem. G.S.C. 



John Forbes, M.D. Sec 
G.S.C 



Mr. Tregonning, 

M.G.S.C. 
G. B. Greenough, Esq, 

Hon; Mem. G.S.C. 

The Author. 
The Author. 



UST OP DONATIONS. 
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BOOKS. 90irOB8. 

Observations on the Geology of The Anthor. 
the United States of America, 
&c. by Wm. Maclure, Esq. ,8?® 



Maps, Plans, Sections, and Models. 



MAPS, &c. 

Smith's Geological Map of Eng- 
land* 

Models and Plans illnstrative of 
the machinery used in the mines 
of Saxony, with a complete 
dress of the Saxon miner. 

t'lan of Chacewater Mine. 

Sections of Huel Pever Mine. 

Plan of Huel Alfred Mine. 
Plan of the Blue Hills Mine. 
Geological Map of the United 
States of America. 



Davies Gilbert, Esq^ 
M.P. President. 

J. H. Vifian, Esq. Hon. 
Mem. G.S.C. 



Samuel Moyle, Esq. 

M.G.S.C. 
Mr. Benjamin Sampfon^ 

Associate. 
Mr. Samuel Grose^ 

Associate. 
Wm. Maclure, Esq. 

Hon. Mem. G.S.C. 



Donations to the Cabinet. 



SPECIMENS. 

Native Gold* from the Tin Stream 
Works in Ladock, near Probus, 
Cornwall. Specimens of Ga« 
lena, Sandstone, &c. 

Chromate of Iron. Red Copper 
Ore. Quartz. Blende. Car- 
bonate of Barytes. Toad^tone* 
Gypsum and Shell Limestone 
from Derbyshire* 

A series of Rock specimens, illus- 
trative of the Geology of the 
Lizard District. Geological 
specimens from the Scilly Is- 
lands and Mousehole. Graphic 
Granite. Gireiss. Apatite, Jas- 
per. Garnet. Axioite. Tballite. 



Sir Christopher 
Bart. V.P. 



Davies Gilbert,Eiq.M..P. 
President G.S.C. 



Ashhurst Majendie, Esq. 
Hon. Mem. GJS.C. 



V. 



26B LIST OF DONATIONS. 

•FKCIMEin. HOHORS. 

Schorl, confauoing ntmimn. AsUiiiTSt Majendie, Esq. 

Schorl. Adnlaiia. Felspar. To- Hon. Mem. G.S.CL 

pax»Rock. Hyperstene io Opa- 
lescent Felspar. Mica. Acty- 

nolite. Tremolite. Chlorite, 

Steatite. Oolite. Stilbite. Phos- 
phorescent Zeolite In Basalt. 

Anthracite. Plombago. Floor 

Spar. Menilite, Bronzite. Laa- 

Bonite. Chalcedony on BHomen. 

Idocrase. Albite. Gehlenite. 

Chahasie. Natrolite. Magne- 
tite. Semi-Opal. Hyalite. Ao- 

gite, OliTine. Diallage. Hya- 

cintii. Adalaria from S^nt 

Gothard. Carbonate of Lead. 

Arseniate of Cobalt. Rntilite. 

Magnetic Ironstone. Specidar 

Iron. Carbonate of Iron. Oxyd 

of Tin, with pebbles of Chlorite. 

Oxyd of Manganese. Anatase. 

Ciaitonite. Natiye Antimony. ^ 

Ironstone. Gadolinite. Sphene. 

Titanite. Specular Iron. Chro- 

mate of Iron. Magnetic Iron. 

he. he. 
Fossil Wood. Fossil Echinus. Fos- •••..... 

Bil Shell on Limestone, indu- 
rated Marl containing shells. 

&c. &c. 
A series of specimens illustratiTe Joseph Came, Esq. 

of the process of smelting cop- M.Q.S.C* 

per, with different preparations 
. of the metal ; also a series illns- 

tratire of the process of smelt- 
ing tin, with different prepara- 
tions of the metal. 

A series of Precipitates from An- 

. glesea. Specimens of Eltan, 

taken from different lerels in 

some of the principal mines of 

Cornwall. 
NatiTC SiWer. Porous Sulphuret of 

Copper. Natire Bismuth. Oxyd 

ai Tin in Felspar. Oxyd oi Tin 
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IPECIMCNS. 

In Chlorite. SiWer Ore from 
Carra de Pasco. SiWer Ores 
from Huel Ann, Huel Basset, 
and the Herland Mine. Yel- 
low Copper Ore, and Native 
Sulphate of Copper. Swimming 
Quartz. Cubic Quartz. Radi- 
ated Quartz. Andalusite. Ac- 
tynolite. Chalcedony. 

A series of specimeos illustratiTC 
of the Recent Sandstone For- 
mation, occurring on the north- 
ern coast of Cornwall. 

Geological specimens from the 
Lizard district, and from dif- 
ferent parts of the Mount's 
Bay. Gregorite from St.Kererae. 

Sulpharetof Zinc. Ozyd of Man- 
ganese. Uranite* Vein of Tin 
in Granite. Horn Silver. Phos- 
phate of Iron. Fluor Spar. 
Quartz on Fluor. Veins of Ga- 
lena in Killas. Fluor Spar with 
Iron Pyrites. 

Specimens illustratiTe of the geo- 
logy of Derbyshire. 

Fluor Spar. Acanticone. Schorl 
with Apatite. Jasper from Bo- 
rey. Sulphuret of Lead in 
Veins In Barjtes. Carbonate of 
Zinc. Sulphuret of Silver and 
Copper with Oxyd of Iron. 
Sulphuret of Silver and Anti- 
mony. Sand in which Damonds 
are found. 

Specimens of Wolfram. Tungsten. 
Native Arsenic. Cobalt. Saxon 
Topaz Rock. Native Alumine. 
Cross-stone, and Felspar ; also 
a very valuable series of Me- 
tallic and simple Minerals, and 
Geological specimens, amount- 
ing to above four hundred, 
collected during his travels a- 
liroad. 



DONOHS. 



Joseph Came, Esq. 
M.G.S*C. 



John Ayrton Paris, M.D. 
F.L.S. Hon. Mem. 
G*S.C« 



John Williams, jun. Esq. 
M.G.S.C. 



John Mawe, Esq, 
M.G.S.C. 



John Heniy Vivian, Esq. 
Hon. Mem. 6.S.C. 
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LIST OF DONATIONS. 



•TfiCIMVNS. 

Spedmeiis of Needle, Radiated, 
Foliated, and mealy Zeolite. 
Apophyllite. Jasper. Opal. 
Chalcedony. Pitchttone. Obsi- 
dian, and siliceous incmstations 
from the Geyser springs of Ice- 
land. 

A series illnstratiye of the di&rent 
lime Formations of Cornwall. 
Specimens of Grcywacki. Jnnc-* 
tion of Gneiss with Granite* 
Gneiss. Serpentine. Agate. Jas« 
per. Hombleode. Asbestos pass- 
ing into Tremolite. Monntain 
L^ither.. Jade. Bovey Coal. 
Lead Ore in Fossil Shell in 
Transition Limestone. Sulphate 
of Lead. Magnetic Pyrites. 
Sub-carburet of Iron. Yellow 
Sulphuret of Copper in octohe- 
drons, on Greywacke. 

Specimens of Phosphate of Iron. 

Specimens of Selenite. Ojrster 
Shell with Crystals of Selenite. 
Sulphate of Barytes. Sulphate 
of Strontian. Carbonate of 
Strontian, &c. 

Specimens oi Crystallized Hydraiu 
gillite. Jade. Tretnolite. Me- 
nacchanite. Kupfer-nickel. 

NatiTe Copper. Grey Sulphnret 
of Copper. Ruby Copper. Arse- 
niate of Iron. Manganese; Wol- 
fram. 

Specimens of Pea-st«ie. Calcafeons 
Spar. Garnet Rock. Flint, 
Sulphuret of Lead. Phosf^te 
of Lead. Chromate of Lead. 
Specular Iron. Uranite. 

Egyptian Granite. Veinof Tnuln 
Porphyry. Vein of Tin in Schorl 
Rock. \VaTellite, Swinestone 
Flint. Chalcedony. Actynolite* 



'WiHinai Home, Esq. 
lifeipooL 



Her. John Rof^ers^ 
M*G.S.C. 



Cdonel Sandys^ 

M.6.S.C. 
Rer. FhUip Searle, 

Oxfoid. 



The late Rer. Wilti 
Gregor. 

Robert Were Fox, jon. 
£8^. M.G.SX. 



William Robinson HiU, 
Esq. M.G.S.C. 



Mr. Edwaid C. Gid^, 
Curator of the GdMnet. 



LIST OF DONATIONS. 



371 



SPECilMCNS, 

Axinite. Iron Fli&t. Sulphate 
of Strontiani Selenite. Rock 
specimens from different parts 
of the Mount's Bay. A .series 
of Devonshire marbles, polished. 
Organic Remains, consisting of 
Stella Marina, Echini, Anomia, 
Ammonites, Cockscomb Oys- 
ter, Fossil Teeth, Sec; and a 
series of Volcanic specimens. 

Stalactites of Oxydof Iron. Brown 
Haematite Iron Ore. Fluor in 
octohedrons. Jasper. Quarts on 
Flnor. Red Oxyd of Copper. 
Oxyd of Manganese. Opake 
Red Quartz. Kupfer Nickel. 

Specimens of Calcareons Spar. 
Arseniate of Cobalt, and Arse- 
Aiate of Lead. 

Fluor Spar. 

Specimens of Qialcedony arid 
Crystallized Oxyd of Tin, &c. 
&c. 

Specimens of Felspar. Aximte. 
Coralloidsk Stalactttic Lime* 
Sulphate of Lead, &c. &c. dbc. 

A series of Greolog^cal specimens 
from Scotland, consisting of 
PrimitiTe limestone. Gneiss, 
<Mica Slate, Basalt, Greywack^, 
Greenstone, &c.; Homstone, 
Crystallized Quartz, Agate Peb- 
bles, &c. 

Fluor Spar. Copper Pyrites. Grey 
ttOd Yellow Ck)fiper Ore, Arse- 
niate of Cobalt ; also a speci- 
men illustrative of the Heaves of 
Lodes. 

A series of specimens illustrative 
of the process of Subliming 
Arsenic. 

A specimen of Brown H»ni«ttte 
Iron Oire. 



BONOES. 

Mr. Edward C. Giddy, 
Curator of the Cabinet. 



Mr.W Chenhalls, 
M.G.S.C. 



William Darey, Esq* 
M.6.S.C. 

Stephen Davey, Esq. 

M.G.S.C. 
E. W. Wynne Pendanres, 

Esq. M.G.S.a 

John Paynter, Esq« 
M*G«S«C* 

John Forbes, M.D. 
Secretary. 



M^. John Rule, 
l)f.G.S.C. 



Richard Edwards, M.D* 
M.O.^.C. 

Rev. Jos. Batten. 
.M.G.S.C. 
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LIST OF DONATIONS. 



SPECIMEKS. 

Specimen B of Gneiss containing 
Cinnamon-stone. Spodumene. 
Also Granite from Cejlon, and 
fragments of rock from St. He- 
lena, &C. 

A series of specimens illnstratiTe 
of the Geology of the United 
States of America, from Ports- 
month, in New England, to 
the west side of the White 
Hills, and from thence to Port- 
land; also specimens of Foli- 
ated Sphene, Green and Red 
Tourma]ine,Cymophane,Spoda- 
mene, and Ichthyophthalmite. 

Stalactitic Carbonate of Ume from 
Gibraltar. 

Quartz imbedded in Chlorite 
Earth; Coal, with impressions 
of Ferns, &c. 

Grey Sulphnret of Copper in 
Quartz. 

Native Solphnr. 

Specimens of, Rock Salt. 

Serpentine from A^glesea, Satin- 
spar and Sandstone. 

Specimens of Native Sulphur from 
Mount ^tna. 

A series of specimens of Aluminous 
Shale in different stages of de- 
composition ; also a specimen of 
Prehnite. 

A specimen of Green Carbonate 
of Copper. 

Stalactitic Lime, and Lime with 
Fossils from Gibraltar; also a 
concretion of Sand and Shells 
from Tariffa. 

Specimens of Ammonites, &c. 

Sulphate of Barytes. Sulphate of 
Strontian. Sulphate of Strontian 
in Sandstone Rock, from Bran- 
don Hill near Bristol. 



donors; 

H. P. Tremeuheere, Esq» 
M.G.S.C. 



William Maclure, Esq. 
of Philadelphia, Hon. 
Mem. G.S.C. 



Admiral Linzee. 

M.G.S.C* 
Rev. W. Hoskin, 

M.G.S.C. 

Benjamin Wood, Esq. of 

London. 
Mr. Henry Edmonds* 
Samuel Moyle, Esq. 

M.G.S.C. 
Mr. Robert Bakewell. 

Geo. Glasson, M.D. 

M.G.S.C. 
Thomas Brown, M.D. 

Glasgow, Hon. Mem. 

G.S.C. 

H. C. Blewett, Esq. 

M.G.S.C. 
Captain Julyan, R.N. 



Mr. Jaekson. 
J. J. Wright, Esq. 
Bristol. 
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SPTICIMENS. 

Specimens of Kupfer-Nickel , Mag- 
netic Ironstone, and Reddle. 

Native Copper. Copper with 
Schorl. Copper with Fluor. Red 
Oxyd of Copper with Native 
Copper. Malachite. Arseniate 
of Copper. Carbonate of Lead. 
Arseniate of Lead. Slickenside. 
Jaspery Ironstone. Sulphuret of 
Antimony. Oxyd of Tin. Fluor 
Spar. Calcareous Spar. Horn- 
Btone. Jasper with Chalcedony. 
Opal Jasper. Asbestus. Elastic 
Bitumen. 

A specimen containing Galena, 
Coal, and Copper; Selenite, 
Schorl with Apatite. 

A specimen of Yellow Sulphuret 
of Copper. 

Veins of Oxyd of Tin in Killai. 

A specimen of the Gossan of the 

Cornish Miner. 
Micaceous Iron Ore from Elba. 
Specimens of Garnet, Labradore 

Felspar, Native Sulphur, Fiuate 

of Lime, and Apatite with 

Topaz. 
Specimen of Sulphate of Barytes. 
A specimen of Crystallized Ox) d 

of Tin. 



DONORS. 

John Dennis^ jun. Esq. 

Mr. William Roberts, 
Associate. 



Wm. Clayfield, Esq. 
Bristol. 

Mr. Richard Nicholls, 

M.G.S.C. 
Mr. Jos. Tregonning, 

M.G.S.C. 

Captain N. Vivian. 

Capt. Edwin JameB,R.N. 
Mr. R. Dunkin, jnn. 
M.G.SX. 



R. Fox, Esq. M.G.S.C. 
Mr. W. Berr^man, jun. 
M.G.S.C. 



\ 



I N D B X. 



A 



CCIDENTS from the premature explosion of Giln- 
powder 



— how to preTent the recurrence of 
jigate found in Serpentine 
Ancient submarine mineSy notice of 
Arsenic^ processes by which it is prepared in Saxonjr 

«.- grey or black 

' ■■ red - • .- 

w. white - - • 

yellow - - • 

AxinUe^ or Thummerstein^ its Condlh habitats 



Page 

78 
88 
34 
131 
60 
61 
62 
68 
64 
30 



B 

Bafy commonly used for <^ Tamping*' » • 86 

of safety • - - - 88 

BoASE, HsNRT, Esq. on regenerated granite - 19 

■ on the introduction of the steam 

- 212 

7 

34 

33 

29 

7 



engine into Peru • -^ 

Beds of limestone 

compact felspar alternating with talc 

BoUenum, junction of greenstone and slate at 

BoiaUMck crown engine • 

Brecdoy reins of intersecting recent sandstone 

8 2 



27G INDEX. 

C Page 

Cadffwiihf natural amphitheatre of rocks at - 35 

Calcareous sand, inundation of - .4 

extensiTely employed as a manure - 193 

■ ■ Its mode of operation - - 194 

■ cemented into a hard rock - I 



Calcareous stalactites^ in ci^vities of fecent sandstone 7 

Caple, uncertain meaning of the term • . •98 

Carbonate of limey observations upon the solubilitj of ' 9 
** Carnw," or rocks 'near Pen dower beach - 110 

Cakne, Joseph, Esq. on tHe dl&coVery of silver in 

Cornwall - - - - 118 
on elvan courses • 97, 241 



- notice relative to the fonnation 



of sivimming stone - . . - 239 

Cavern foun J in Dolcoath Mine - - 225^ 
Chenhalls, Mr. exertions of, to prevent explosion 89, 93 
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